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1Ðåôåðàò
Â ðîáîòi îïèñàíèé çâ'ßçîê âåêòîðíîãî ïîëß iíòåíñèâíîñòi â õâèëåâîäi ç êîì-
áiíîâàíèìè ãðàíèößìè, ìàòåìàòè÷íié ìîäåëi ìiëêîãî ìîðß, òà øâèäêîñòi ïîøè-
ðåííß ñèãíàëó. Ðîçðàõîâàíi ñèòóàöi¨ äëß âèïàäêó ïîøèðåííß äâîõ÷àñòîòíîãî
ñèãíàëó íà îäíié òà äâîõ ìîäàõ êîëèâàíü òî÷êîâîãî iäåàëiçîâàíîãî äæåðåëà.
Ìàãiñòåðñüêà äèñåðòàöiß ¹ ïðîäîâæåííßì áàêàëàâðñüêî¨ äèïëîìíî¨ ðîáîòè
çà òåìîþ 'Ïîøèðåííß ðiçíî-÷àñòíîòíèõ iìïóëüñíèõ ñèãíàëiâ â ìiëêîìó ìîði' ,
ïðîäîâæåííßì ñòàòòi 'Îñîáëèâi òî÷êè âåêòîðíîãî ïîëß iíòåíñèâíîñòi â õâèëå-
âîäi ç êîìáiíîâàíèìè ãðàíèößìè'.
Ìåòîþ äîñëiäæåííß ¹ îòðèìàííß âåêòîðíèõ ïîëiâ iíòåíñèâíîñòi äëß ðßäó
ðîçðàõóíêîâèõ ñóòóàöié, ùî â ìàéáóòíüîìó ìîæóòü ñòàòè îñíîâîþ äëß ðîçãßäó
øâèäêîñòi ïîøèðåííß ñèãíàëó â õâèëåâîäi ç êîìáiíîâàíèìè ãðàíèößìè.
Îá'¹êòîì äîñëiäæåííß ¹ õâèëåâîä ç êîìáiíîâàíèìè ãðàíèößìè.
Íàóêîâîþ íîâèçíîþ ¹ îòðèìàííß âåêòîðíîãî ïîëß iíòåíñèâíîñòi â õâèëåâîäi
ç êîìáiíîâàíèìè ãðàíèößìè äëß âèïàäêiâ ïîøèðåííß â íüîìó äâîõ÷àñòîòíîãî
ñèãíàëó íà îäíié òà äâîõ ìîäàõ êîëèâàíü. Òàêîæ ðîçãëßíóòå ïîøèðåííß îäíî-
÷àñòîòíîãî ñèãíàëó íà äâîõ îäàõ êîëèâàíü.
Îäåðæàíi ðåçóëüòàòè ìîæóòü áóòè âèêîðèñòàíi ïðè ïðîãíîçóâàííi øâèäêî-
ñòi ïîøèðåííß ñèãíàëó â ìiëêîìó ìîði, îáãðóíòóâàííß âiäñóòíîñòi ñèãíàëó íà
ïðèéìàþ÷îìó ãiäðî-àêóñòè÷íîìó ïåðåòâîðþâà÷i ïðè âèïðîìiíþâàííi ñèãíàëó
â ìiëêîìó ìîði, â çâ'ßçêó ç ðîçòàøóâàííß ãiäðî-àêóñòè÷íîãî ïåðåòâîðþâà÷à â
îêîëi ñèíãóëßðíèõ òî÷îê â ìiëêîìó ìîði.
Ìàãiñòåðñüêà äèñåðòàöiß ìiñòèòü 57 ñòîðiíêó, 10 iëþñòðàöié, 23 òàáëèöi, 10
äæåðåë çà ïåðåëiêîì ïîñèëàíü.
Êëþ÷îâi ñëîâà: iíòåíñèâíiñòü, õâèëåâîä, êîìáiíîâàíi ãðàíèöi, ñèíãóëßðíà òî÷êà,
ìiëêå ìîðå.
2Abstract
Work was described connection of vector intensity field and speed of signal
propagation in waveguide with combine boundaries, that is a mathetical model of
shallow water. Calculated signal's propagaion, that consist of two frequency, on first
and second mode for point sourse.
Master work is a continuation of bachelor work 'Propagation of different-frequency
impulse in the shallow water' and continuation of acticle 'Singular points of vector
intensity's field in waveguide with combine boundaries' .
The aim of investigation is a expressions expression of speed of signal propagation
in waveguide with combined boundaries, when two-frequency signal propagates in
the shallow water on first, second and first and second mode simulteniously, getting
dependencies of local decreasing of speed of signal's propagation and singular points
in vector intensity's field, getting dependencies of speed of signal's propagation and
vertical profile of waveguide.
The object of research is the mathematical model of shallow water  waveguide
with combined boundaries.
The subject of research is a singular points of vector intensity's field in waveguide
with combined boundaries.
Scientific novelty is a vector intensity's field in waveguide with combined boundari-
es, dependencies of speed signal's propagation in calculated situation when two-
frequency signal propagates in waveguide on first, second and first ans second modes
simulteniousy.
Results of this work could be used for prediction of signal's speed propagation
in shallow water with defined width, justification of signal's absence on reciever of
hydro-acoustic system, beacause reciever located near singular point of intensity's
field.
Graduate work contains 57 pages, 10 figures, 23 tables, 10 literature sources.
Key words: intensity, waveguide, combined boundaries, singular point, wavegui-
de, shallow water.
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4Âñòóï
Ïðè ïðîâåäåííi íàòóðíèõ âèìiðþâàíü iíòåíñèâíîñòi[8] â ìîði ñïîñòåðiãàëîñü
ëîêàëüíå çìåíøåííß âèìiðþâàíî¨ âåëè÷èíè. Ç ìàòåìàòè÷íî¨ òî÷êè çîðó, öå ìî-
æëèâî áóëî ïîßíèòè ðiâíiñòþ íóëþ àáî òèñêó àáî êîìïîíåíòiâ êîëèâàëüíî¨
øêèäêîñòi. Òàêîæ äàíà ñèòóàöiß áóëà ìîæëèâà ïðè ðiçíèöi ôàç òèñêó òà êî-
ëèâàëüíî¨ øâèäêîñòi Ç iíøîãî áîêó, â ðîáîòi [3] ïðè àíàëiçi ìîäåëi õâèëåâîäó ç
æîðñòêèìè ãðàíèößìè â ïîëi iíòåíñèâíîñòi âèíèêàëè êðèòè÷íi òî÷êè, îñîáëè-
âiñòþ ßêèõ áóëî:
• ðiâíiñòü iíòåíñèâíîñòi íóëþ â äàíié òî÷öi;
• îáåðòàííß àáî çóñòði÷íèé ðóõ äâîõ ïîòîêiâ âåêòîðíîãî ïîëß iíòåíñèâíîñòi
â îêîëi äàíî¨ òî÷êè.
Íàßâíiñòü ïîäiáíèõ ñòðóêòóð, áóëà ïiäñòàâîþ ââàæàòè, ùî ïîëå iíòåíñèâíîñòi
â õâèëåâîäi ç æîðñòêèìè ãðàíèößìè íå ¹ îäíîðiäíèì, íàïðßì ïåðåíåñåííß åíåð-
ãi¨ íå çàâæäè âiäïîâiäà¹ íàïðßìêó âèïðîìiíþâàííß ñèãíàëó. Äëß äîñëiäæåííß
ïîëß iíòåíñèâíîñòi â ìîði áóâ çäiéñíåíèé ïåðåõiä ç ìîäåëi õâèëåâîäó ç æîðñ-
òêèìè ãðàíèößìè äî õâèëåâîäó ç êîìáiíîâàíèìè ãðàíèößìè, äå íèæíß ìåæà ¹
ìàòåìàòè÷íîþ ìîäåëëþ òâåðäîãî äíà, à àêóñòè÷íî-ì'ßêà - ãðàíèöåþ ìiæ øàðîì
ïîâiòðß òà âîäè.
Îñêiëüêè îñíîâíîþ çàäà÷åþ ðîáîòè áóëî äîñëiäèòè ïîøèðåííß iìïóëüñíèõ
ñèãíàëiâ â ìiëêîìó ìîði, ßêi ó çâ'ßçêó ç ñâî¹þ ñêií÷åííiñòþ â ÷àñi ìàþòü íå-
ñêií÷åííèé ñïåêòð, äëß ïî÷àòêó âàðòî ðîçãëßíóòè íåñêií÷åííi â ÷àñi ãàðìîíiéíi
ñèãíàëè, ïî÷èíàþ÷è âiä âèïðîìiíþâàííß îäíi¹¨ ìîäè êîëèâàííß íà îäíié ÷àñòî-
òi, çàêií÷óþþ÷è âèïðîìiíåííßì äâîõ ìîä êîëèâàíü íà äâîõ ÷àñòîòàõ.
Ìàþ÷è ñõîæi óìîâè äëß ìîäåëþâàííß ç ðîáîòîþ [4] îäíi¹þ ç çàäà÷ ¹ ñïiâ-
ñòàâëåííß ðåçóëüòàòiâ îòðèìàíèõ âåêòîðíèõ ïîëiâ iíòåíñèâíîñòi äëß õâèëåâîäiâ
ç ðiçíèìè ãðàíèößìè.
51 Âèâåäåííß îñíîâíèõ ôîðìóë
1.1 Ïîòåíöiàë, òèñê, êîëèâàëüíà øâèäêiñòü
Çãiäíî ç [4], çâóêîâå ïîëå òî÷êîâîãî äæåðåëà ãàðìîíi÷íèõ êîëèâàíü â ïëîñêî-
ïàðàëåëüíîìó îäíîðiäíîìó øàði âîäè, îáìåæåíîìó ç îäíîãî áîêó àêóñòè÷íî-
ì'ßêîþ ãðàíèöåþ (àòìîñôåðîþ) , ç iíøîãî áîêó - àêóñòè÷íî-æîðñòêîþ ãðàíèöåþ
âèçíà÷à¹òüñß ïîòåíöiàëîì øâèäêîñòåé ϕ(x, z, t) çà íàñòóïíîþ ôîðìóëîþ:
ϕ(x, z, t) = −i v0
2h
∞∑
n=0
H
(1)
0 (knx) cos
(
(2n+ 1)piz
2h
)
· cos
(
(2n+ 1)piz0
2h
)
e−iωt (1)
äå H(1)0 - ôóíêöiß Õàíêåëß ïåðøîãî ðîäó, íóëüîâîãî ïîðßäêó; (x, z) - êîîð-
äèíàòè â õâèëåâîäi; z0 -ïîëîæåííß âèïðîìiíþâà÷à; v0 - êîëèâàëüíà øâèäêiñòü
ïîâåðõíi äæåðåëà. Õâèëüîâå ÷èñëî kn äëß íàïiâîáìåæåíîãî ïðîñòîðó âèçíà÷à-
òèìåòüñß íàñòóïíèì ÷èíîì:
kn = k
√
1−
(
(2n+ 1)λ
4h
)2
,
äå k- õâèëüîâå ÷èñëî ó âiëüíîìó ïîëi; n-íîìåð ìîäè êîëèâàííß; λ- äîâæèíà
õâèëi ó âiëüíîìó ïîëi; h- øèðèíà õâèëåâîäó.
Ç äèñïåðñiéíîãî ðiâíßííß âèïëèâà¹, ùî êîæíà ìîäà êîëèâàííß ìà¹ ñâîþ
ãðàíè÷íó ÷àñòîòó, íèæ÷å ßêî¨ â õâèëåâîäi íå ïîøèðþþòüñß íîðìàëüíi õâèëi:
fgr =
(2n+ 1)c
4h
Â çàëåæíîñòi fgr/f ìîæëèâî:
• fgr/f < 1 - õâèëüîâi ÷èñëà íàáóâàþòü äiéñíèõ çíà÷åíü, â õâèëåâîäi ïîøè-
ðþþòüñß îäíîðiäíi õâèëi;
• fgr/f > 1 - êîìïëåêñíà ÷àñòèíà íå äîðiâíþ¹ 0, â õâèëåâîäi ïîøèðþþòüñß
íåîäíîðiäíi õâèëi, ùî åêñïîíåíöiéíî çàãàñàþòü âçäîâæ îñi Ox ;
• fgr/f = 1 - â õâèëåâîäi âèíèêàþòü ñèíôàçíi õâèëi âçäîâæ îñi Oz.
6Çãiäíî ç [4], îñíîâíó ÷àñòèíó åíåðãi¨ íà âåëèêi âiäñòàíi ïåðåíîñßòü ïåðøi ìî-
äè êîëèâàíü, òîìó â ñóìi (1) ðîçãëßäàþòüñß ìîäè, ùî çàäîâîëüíßþòü íàñòóïíó
ðiâíiñòü:
n ≤ 2h
λ
Òàêîæ, âàðòî çàçíà÷èòè, ùî â õâèëåâîäi ç ðiçíîðiäíèìè ãðàíèößìè íå ïî-
øèðþ¹òüñß íóëüîâà ìîäà êîëèâàíü, òîìó â äàíié ðîáîòi áóäå ðîçãëßíóòî ïîëå
iíñòåíñèâíîñòi óñòâîðåíå íà 1 òà 2 ìîäi êîëèâàíü.
Îñêiëüêè ó ðîáîòi áóäóòü ðîçãëßíóòi åíåðãåòè÷íi õàðàêòåðèñòèêè, à ñàìå
ïîòiê ïîòîêó ïîòóæíîñòi òà ãóñòèíà çâóêîâî¨ åíåðãi¨, äîöiëüíî ó âèðàçàõ òèñêó
òà êîìïîíåíòiâ êîëèâàëüíî¨ øâèäêîñòi ðîçãëßíóòè ëèøå ¨õ äiéñíi ÷àñòèíè [1].
p(x, z, t) = ρ
∂Re{ϕ}
∂t
vx(x, z, t) = −∂Re{ϕ}
∂x
vz(x, z, t) = −∂Re{ϕ}
∂z
1.2 Ïîòiê ïîòóæíîñòi
Çãiäíî [2], ïîòiì ïîòóæíîñòi äâîõ õâèëü, ùî ïîøèðþþòüñß âçäîâæ Ox òà Oz
ìîæëèâî ïðåäñòàâèòè íàñòóïíîþ ðiâíiñòþ:
Wx(x, z, t) =
1
2
ρc (p · vx)
Wz(x, z, t) =
1
2
ρc (p · vz)
(2)
Ó âèïàäêó ïîøèðåííß äâîõ÷àñòîòíîãî ñèãíàëó, òèñê òà êîëèâàëüíi øâèäêî-
ñòi çàìiíþþòüñß íà ñóìó òèñêiâ òà êîëèâàëüíèõ øâèäêîñòåé.
Çãiäíî [2, 9], cåðåäíß çà iíòåðâàë ñïîñòåðåæåííß T ãóñòèíà ïîòîêó ïîòóæíî-
ñòi ïî âêàçàíèì îñßì âèçíà÷à¹òüñß âèðàçàìè:
Jx(x, z) =
1
T
∫ T
0
Wx(x, z, t)∂t
7Jz(x, z) =
1
T
∫ T
0
Wz(x, z, t)∂t
À ñóìàðíà iíòåíñèâíiñòü çàïèøåòüñß ßê:
J∑(x, z) =
√(
Jx(x, z)
)2
+
(
Jz(x, z)
)2
Ñåðåäíié ïîòiê ïîòóæíîñòi ÷åðåç ïåðåðiç x âèçíà÷à¹ ïåðåíîñ åíåðãi¨ âçäîâæ îñi
Ox. Òîìó äëß âèçíà÷åííß ñåðåäíüîãî ïîòîêó ïîòóæíîñòi äîñòàòíüî ïðîiíòåãðó-
âàòè ñóìàðíó iíòåíñèâíiñòü ïî z:
P (x) =
∫ h
0
J∑(x, z)∂z
1.3 Ãóñòèíà çâóêîâî¨ åíåðãi¨
Çãiäíî [4], ãóñòèíà çâóêîâî¨ åíåðãi¨, âèçíà÷à¹òüñß íàñòóïíèì ÷èíîì:
Em =
ρv2z
2
+
ρv2z
2
+
p2
2χ
(3)
äå:
χ = ρc2 - ïðóæíiñòü ñåðåäîâèùà;
Ïðè ïîøèðåííi äâîõ÷àñòîòíîãî ñèãíàëó òèñê òà êîìïîíåíòè êîëèâàëüíî¨ øâèä-
êîñòi çàìiíþþòüñß íà ñóìè òèñêiâ òà êîìïîíåíòiâ êîëèâàëüíèõ øâèäêîñòåé.
Ãóñòèíó ñåðåäîâèùà ó âèðàçi äëß òèñêó, ìîæíà âèíåñòè çà äóæêó, òàêèì
÷èíîì ãóñòèíà çâóêîâî¨ åíåðãi¨ âèçíà÷àòèìåòüñß íàñòóïíèì ÷èíîì:
Em =
ρ
2
(
v2z + v
2
z +
p2
(ρc)2
)
Ïðîiíòåãðóâàâøè ïî êîîðäèíàòi z, îòðèìà¹ìî åíåðãi¨ â õâèëåâîäi íà îäèíèöþ
äîâæèíè:
E(x, z) =
∫ h
0
Em(x, z, t)∂z
Çâàæàþ÷è íà ôîðìó çàïèñó (1), äëß õâèëåâîäó ç êîìáiíîâàíèìè ãðàíèößìè
ãóñòèíà çâóêîâî¨ åíåðãi¨ çàëåæàòèìå âiä êîîðäèíàòè x òà çâàæàþ÷è íà âëàñòè-
âîñòi ôóíêöié Áåññåëß òà Íåéìàíà ìàòèìå çàòóõàþ÷èé õàðàêòåð.
8Ïðîiíòåãðóâàâøè ïî çìiííié t, îòðèìà¹ìî ñåðåäíþ çà ïåðiîä ãóñòèíó åíåðãi¨
E(x) =
1
T
∫ T
0
Em(x, z)∂z
1.4 Øâèäêiñòü ïîøèðåííß ñèãíàëó
Çãiäíî [1] øâèäêiñòü ïåðåíîñó åíåðãi¨ -öå âiäíîøåííß ñåðåäíüîãî çà ïåðiîä ñïî-
ñòåðåæåííß ïîòîêó ïîòóæíîñòi äî ñåðåäíüî¨ ãóñòèíè åíåðãi¨:
V (x) =
Px(x)
E(x)
Ïîðiâíþþ÷è âèðàçè äëß ãóñòèíè çâóêîâî¨ åíåðãi¨ òà ïîòîêó ïîòóæíîñòi, îòðè-
ìà¹ìî:
V (x) =
1
2
ρcPn(x)
ρ
2
En(x)
= c · Pn(x)
En(x)
,
Çâàæàþ÷è íà àïåðiîäè÷íå çàãàñàííß ôóêöié Íåéìàíà òà Áåññåëß, øâèäêiñòü
ïîøèðåííß åíåðãi¨ â õâèëåâîäi ç êîìáiíîâàíèìè ãðàíèößìè ¹ ìåíøîþ âiä øâèä-
êîñòi ïîøèðåííß çâóêó â ñåðåäîâèùi, ùî âiäïîâiäà¹ ôiçè÷íèì óßâëåííßì ïðî
ïîøèðåííß çâóêó â ñåðåäîâèùi.
92 Ïîøèðåííß îäíî÷àñòîòíîãî ñèãíàëó íà äâîõ
ìîäàõ êîëèâàííß
Äëß âèâåäåííß âèðàçiâ óñåðåäíåíîãî ïîòîêó ïîòóæíîñòi òà óñåðåäíåíî¨ ãóñòèíè
çâóêîâî¨ åíåðãi¨ âèðàç (1) íàáóäå íàñòóïíî¨ ôîðìè:
ϕ(x, z, t) = −S0(t)
2∑
n=1
H
(1)
0 (knx)Cn = −S0Q12(x, z)
äå:
S0(t) = sin(ψ) + i cos(ψ);
H
(1)
0 (knx) = J
(1)
0 (knx) + i ·N (1)0 (knx);
Cn(z) =
v0
2h
cos
(
(2n+ 1)piz
2h
)
· cos
(
(2n+ 1)piz0
2h
)
;
Q12 = C1H
(1)
0 (k1x) + C2H
(1)
0 (k2x);
Äiéñíà ÷àñòèíà ïîòåíöiàëó äîðiâíþâàòèìå:
Re{ϕ} = Im{S0}Im{Q12} −Re{S0}Re{Q12} = I cosψ −R sin(ψ),
I(x, z) = C1(z)N
(1)
0 (k2x) + C2(z)N
(1)
0 (k2x)
R(x, z) = C1(z)J
(1)
0 (k1x) + C2(z)J
(1)
0 (k2x)
Òèñê âèðàæàòèìåòüñß íàñòóïíèì ÷èíîì:
p(x, z, t) = ρ
∂Re{ϕ}
∂t
= −ρω(I sin(ψ) +R cos(ψ))
Êîëèâàëüíà øâèäêiñòü âçäîâæ Ox:
vx(x, z, t) = −∂Re{ϕ}
∂x
= Ix cos(ψ)−Rx sin(ψ)
Ix(x, z) = k1C1N
(1)
1 (k1x) + k2C2N
(1)
1 (k2x)
Rx(x, z) = k1C1J
(1)
1 (k1x) + k2C2J
(1)
1 (k2x)
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Êîëèâàëüíà øâèäêiñòü âçäîâæ Oz:
vz(x, z, t) = −∂Re{ϕ}
∂z
= Iz cos(ψ)−Rz sin(ψ),
Iz(x, z) =M1N
(1)
0 (k1x) +M2N
(1)
0 (k2x)
Rz(x, z) =M1J
(1)
0 (k1x) +M2J
(1)
0 (k2x)
2.1 Âèðàçè îñíîâíèõ õàðàêòåðèñòèê
Ïîïåðåäíi âèêëàäêè äîçâîëßþòü ñôîðìóâàòè ðiâíßííß îñíîâíèõ õàðàêòåðèñòèê
çâóêîâî¨ õâèëi â õâèëåâîäi ïðè ïîøèðåíííi õâèëi íà ïåðøèõ äâîõ ìîäàõ êîëè-
âàíü: 
p(x, z, t) = −ωρ(I sin(ψ) +R cos(ψ))
vx(x, z, t) = Ix cos(ψ)−Rx sin(ψ)
vz(x, z, t) = Iz cos(ψ)−Rz sin(ψ)
(4)
Âèðàç äëß ãóñòèíè çâóêîâî¨ åíåðãi¨ íàáóäå âèãëßäó:
En(x) = v
2
x+ v
2
z +
p2
(ρc)2
=
[
I2x + I
2
z +R
2
(
ω
ρc
)2]
cos2(ψ)+
[
R2x+R
2
z + I
2
(
ω
ρc
)2]
·
· sin2(ψ) + 2
[
I ·R
(
ω
ρc
)2
− Ix ·Rx − IzRz
]
cos(ψ) sin(ψ)
Âèðàç äëß âèçíà÷åííß ïîòîêó ïîòóæíîñòi:
Wnx(x) = ω
(
I ·Rx sin2(ψ)−R · Ix cos2(ψ) + (R ·Rx − I · Ix) sin(ψ) cos(ψ)
)
Wnz(x) = ω
(
I ·Rz sin2(ψ)−R · Iz cos2(ψ) + (R ·Rz − I · Iz) sin(ψ) cos(ψ)
)
Çãiäíî (3), äëß óñåðåäíåííß ãóñòèíè åíåðãi¨ ïî øèðèíi õâèëåâîäó, îòðèìà-
¹ìî âèðàçè äëß äëß ìíîæíèêiâ ïðè òðèãîíîìåòðè÷íèõ ôóíêöißõ. Çìiííi, ùî
çàëåæàòü âiä êîîðäèíàòè z íàâåäåíi íèæ÷å:
Cn(z, z0) =
v0
2h
cos
(
(2n+ 1)piz
2h
)
· cos
(
(2n+ 1)piz0
2h
)
Mn(z, z0) =
(2n+ 1)piv0
4h2
· sin
(
(2n+ 1)piz
2h
)
cos
(
(2n+ 1)piz0
2h
)
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Ïðè iíòåãðóâàííi ïî z, âèíèêàòèìóòü íàñòóïíi ñèòóàöi¨:∫ h
0
cos2
(
(2n+ 1)piz
2h
)
∂z =
∫ h
0
sin2
(
(2n+ 1)piz
2h
)
∂z =
h
2∫ h
0
sin
(
3piz
2h
)
sin
(
5piz
2h
)
∂z = 0∫ h
0
cos
(
3piz
2h
)
cos
(
5piz
2h
)
∂z = 0
Ïiñëß iíòåãðóâàííß, çìiííi çàëåæíi âiä z äîðiâíþâàòèìóòü:
C2n(z, z0) =
v20
8h
· cos2
(
(2n+ 1)piz0
2h
)
M 2n(z, z0) =
((2n+ 1)piv0)
2
32h3
cos2
(
(2n+ 1)piz0
2h
)
Ïðè iíòåãðóâàííi çà ÷àñîì çà ïåðiîäîì ñïîñòåðåæåííß T = 1/f , ÷àñîâi ìíîæíè-
êè äîâiðíþâàòèìóòü:
1
T
∫ T
0
sin2(2pift)∂t =
1
2
1
T
∫ T
0
cos2(2pift)∂t =
1
2
1
T
∫ T
0
sin(2pift) cos(2pift)∂t = 0
Êîåôiöi¹íòè íåçàëåæíi âiä ÷àñîâî¨ ñêëàäîâî¨ ó âèðàçi äëß òèñêó äîðiâíþþòü
ïiñëß iíòåãðóâàííß ïî øèðèíi õâèëåâîäó äîðiâíþþòü :
I2 =
(
C1N
(1)
0 (k1x) + C2N
(1)
0 (k2x)
)2
=
(
C1N
(1)
0 (k2x)
)2
+
(
C2N
(1)
0 (k2x)
)2
R2 =
(
C1J
(1)
0 (k1x)
)2
+
(
C2J
(1)
0 (k2x)
)2
Êîåôiöi¹íòè íåçàëåæíi âiä ÷àñîâî¨ ñêëàäîâî¨ äëß êîëèâàëüíîi øâèäêîñòi ïî îñi
Ox äîðiâíþâàòèìóòü:
I2x =
(
k1C1N
(1)
1 (k1x)+k2C2N
(1)
1 (k2x)
)2
=
(
k1C1N
(1)
1 (k1x)
)2
+
(
k2C2N
(1)
1 (k2x)
)2
R2x =
(
k1C1J
(1)
1 (k1x) + k2C2J
(1)
1 (k2x)
)2
=
(
k1C1J
(1)
1 (k1x)
)2
+
(
k2C2J
(1)
1 (k2x)
)2
Êîåôiöi¹íòè íåçàëåæíi âiä ÷àñîâî¨ ñêëàäîâî¨ äëß êîëèâàëüíîi øâèäêîñòi ïî îñi
Oz äîðiâíþâàòèìóòü:
I2z =
(
M1N
(1)
0 (k1x) +M2N
(1)
0 (k2x)
)2
=
(
M1N
(1)
0 (k1x)
)2
+
(
M2N
(1)
0 (k2x)
)2
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R2z =
(
M1J
(1)
0 (k1x) +M2J
(1)
0 (k2x)
)2
=
(
M1J
(1)
0 (k1x)
)2
+
(
M2J
(1)
0 (k2x)
)2
2.2 Àíàëiç îòðèìàíèõ ðåçóëüòàòiâ
Â ðîáîòàõ [3, 10] äëß âèïàäêó ïîøèðåííß â õâèëåâîäi ç àáñîëþòíî-æîðñòêèìè
òà êîìáiíîâàíèìèì ãðàíèößìè îäíî÷àñòîòíîãî äâîõìîäîâîãî ñèãíàëó, ïðè äî-
ñëiäæåííi âåêòîðíîãî ïîë iíòåíñèâíîñòi ó õâèëåâîäi áóëè âèßâëåíi îñîáëèâi òî-
÷êè âåêòîðíîãî ïîëß iíòåíñèâíîñòi â ßêèõ êîëèâàëüíà øâèäêiñòü àáî òèñê ïðß-
ìóâàëè äî íóëß. Òî÷êè ïîäiëßëèñü íà äâà âèäè:
• 'âèõîð' - òî÷êà íàâêîëî ßêî¨ íàïðßìîê ïåðåíîñó åíåðãi¨ çìiíþâàâñß íà 360.
Âiäïîâiäà¹ ñèòóàöi¨ ðiâíîñòi íóëþ òèñêó â äàíié òî÷öi;
• 'ñiäëî' - òî÷êà â ßêó ñõîäßòüñß ïîòîêè ïåðåíîñó åíåðãi¨. Òî÷êà, ùî âiäïî-
âiäà¹ ðiâíîñòi íóëþ êîëèâàëüíî¨ øâèäêîñòi;
Òàêîæ, ïîßâà ñèíãóëßðíèõ òî÷îê âåêòîðíîãî ïîëß iíòåíñèâíîñòi ìàëà ïåðiîäè-
÷íèé õàðàêòåð i çàäîâîëüíßëà ðiâíiñòü:
T =
pi
k1 − k2 (5)
Ïîáóäó¹ìî âåêòîðíå ïîëå iíòåíñèâíîñòi äëß ôiêñîâàíîãî íàáîðó çìiííèõ: h = 70
ì , z0 = 35 ì,f = 30 Ãö. Îñêiëüêè íà âiäñòàíßõ áëèçüêèõ äî øèðèíè õâèëåâîäó
ñïîñòåðiãà¹òüñß çìåíøåííß iíòåíñèâíîñòi íà 120-180 äÁ(âiäíîñíî ìàêñèìàëüíî-
ãî çíà÷åííß iíòåíñèâíîñòi) ðîçïîäië iíòåíñèâíîñòi áóäó¹òüñß â ìåæàõ (1;h-2)
ìåòðè òà íîðìó¹òüñß âiäíîñíî ìàêñèìàëüíîãî çíà÷åííß iíòåíñèâíîñòi â îáðàíèõ
ìåæàõ ïî øèðèíi òà äîâæèíi õâèëåâîäó. Ïðîãðàìè çà äîïîìîãîþ ßêèõ îòðèìàíi
ðîçïîäiëåííß iíòåíñèâíîñòi â õâèëåâîäi íàäàíi â äîäàòêó À.
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Ðèñ. 1: Ðîçïîäië iíòåíñèâíîñòi ïî õâèëåâîäó
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Ðèñ. 2: Ðîçïîäië ãóñòèíè çâóêîâî¨ åíåðãi¨ ïî õâèëåâîäó
Íà Ðèñ. 1 ïðîñëiäêîâó¹òüñß íåîäíîðiäíiñòü ïîëß iíòåíñèâíîñòi â õâèëåâîäi ç
êîìáiíîâàíèìè ãðàíèößìè. Ïîìiòíi ïåðåïàäè íà 30-50 äÁ âiäíîñíî ìàêñèìàëü-
íîãî çíà÷åííß iíòåíñèâíîñòi. Âèõîðîâi ñòðóêòóðè ìàþòü ïåðiîäè÷íèé õàðàêòåð,
íàïðßìêè îáåðòàííß íàâêîëî ñèíãóëßðíèõ òî÷îê òèïó 'âèõîð' òàêîæ ÷åðãóþòüñß
âiä îäíîãî êðèòè÷íîãî ïåðåðiçó äî iíøîãî. Ïîìi÷åíî, ùî âèõîðîâà òî÷êà òèïó
'ñiäëî' óñòâîðþ¹òüñß â îêîëi ìiíiìóìó ãóñòèíè çâóêîâî¨ åíåðãi¨. Äëß äåòàëüíîãî
àíàëiçó, ðîçãëßíåìî ïåðåðiçè ïî õâèëåâîäó â îêîëi êðèòè÷íèõ îáëàñòåé.
Â îêîëi êðèòè÷íî¨ òî÷êè òèïó 'âèõîð' ñïîñòåðiãà¹òüñß ëîêàëüíå çìåíøåííß
òèñêó äî çíà÷åíü áëèçüêèõ äî íóëß, äëß êðèòè÷íî¨ òî÷êè òèïó 'ñiäëî' ñïîñòåði-
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Ðèñ. 3: Ïåðøèé ïåðåðiç õâèëåâîäó â îêîëi ñèíãóëßðíèõ òî÷îê, à- òèñê; á- iíòåí-
ñèâíiñòü; â- êîìïîíåíòè êîëèâàëüíî¨ ùâèäêîñòi
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Ðèñ. 4: Äðóãèé ïåðåðiç õâèëåâîäó â îêîëi ïåðøèõ ñèíãóëßðíèõ òî÷îê, à- òèñê;
á- iíòåíñèâíiñòü; â- êîìïîíåíòè êîëèâàëüíî¨ ùâèäêîñòi
ãà¹òüñß ëîêàëüíå çìåíøåííß ãîðèçîòàëüíî¨ êîìïîíåíòè êîëèâàëüíî¨ øâèäêîñòi
òà çìåíøåííß ãóñòèíè çâóêîâî¨ åíåðãi¨.
Ïðè ïåðåìiùåííi äæåðåëà âiä àêóñòè÷íî-æîðñòêî¨ äî àêóñòè÷íî-ì'ßêîú ãðà-
íèöi ñïîñòåðiãàþòüñß íàñòóïíi çàëåæíîñòi:
• ïåðiîäè÷íiñòü ïîßâè ñèíãóëßðíèõ òî÷îê çàëèøà¹òüñß ñòàëîþ;
• ïiä ÷àñ z = 0.2h, z = 0.6h âiäáóâà¹òüñß çìiíà íàïðßìêó îáåðòàííß âåêòîð-
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íîãî ïîëß íàâêîëî ñèíãóëßðíèõ òî÷îê, â òîé æå ÷àñ â ïîëi óòâîðþþòüñß
òî÷êè â ßêèõ òèñê òà êîëèâàëüíà øâèäêiñòü ïî îñi Ox íàáëèæàþòüñß äî
íóëß, à vz äîñßãà¹ ìàêñèìàëüíèõ çíà÷åíü ;
• ïðè z = (0.28 − 0.35) òàêîæ ñïîñòåðiãà¹òüñß çìiíà íàïðßìêó îáåðòàííß
ïîëß iíòåíñèâíîñòi íàâêîëî ñèíãóëßðíèõ òî÷îê;
• çi çìiíîþ ïîëîæåííß äæåðåëà âiäáóâà¹òüñß ðóõ ñèíãóëßðíèõ òî÷îê âçäîâæ
âåðòèêàëüíî¨ îñi, òî÷êè ïåðøî¨ êðèòè÷íî¨ âåðòèêàëi ðóõàþòüñß äî æîðñ-
òêî¨ ãðàíèöi, òî÷êè ç äðóãî¨ êðèòè÷íî¨ âåðòèêàëi ðóõàþòüñß äî ì'ßêî¨ ãðà-
íèöi;
• ïðè óòâîðåííi ñèíãóëßðíî¨ òî÷êè òèïó 'âèõîð' ïîáëèçó ãðàíèöi çi çìiíîþ
ïîëîæåííß äæåðåëà áiëß íå¨ óòâîðþ¹òüñß i ñèíãóëßðíà òî÷êà òèïó 'ñiäëî'.
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Ðèñ. 5: Ïåðåðiç õâèëåâîäó ïðè z = 0.2h
Ïîðiâíþþ÷è Ðèñ.7 òà Ðèñ. 6, âèßâëß¹òüñß, ùî îäíî÷àñíå óòâîðåííß òî÷îê
â ßêèõ i êîëèâàëüíà øâèäêiñòü ïî îñi Ox i òèñê äîðiâíþ¹ íóëþ, ìîæëèâå ïðè
ìiíiìàëüíî äîïóñòèìîìó âêëàäi âiä äðóãî¨ ìîäè êîëèâàííß.
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Ðèñ. 6: Çàëåæíiñòü êiëüêîñòi ñèíãóëßðíèõ òî÷îê âiä ïîëîæåííß äæåðåëà, à- 'âè-
õîð'+'ñiäëî' ; á- 'âèõîð'; â- 'ñiäëî'
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Ðèñ. 7: Çàëåæíiñòü âêëàäó ìíîæíèêiâ Ñ â íàïðßì îáåðòàííß âåêòîðíîãî ïîëß
iíòåíñèâíîñòi âiä ïîëîæåííß äæåðåëà âiäîñíî øèðèíè õâèëåâîäó
2.3 Âèñíîâêè
Âåêòîðíå ïîëå iíòåíñèâíîñòi íå ¹ îäîðiäíèì òà ìà¹ óòâîðåííß â ßêèõ iíòåí-
ñèâíiñòü ïðßìó¹ äî íóëß. Ïîßâà äàíèõ òî÷îê âèêëèêàíà ðiçêèì çìåíøåííß (íà
40-60 äÁ) òèñêó, äëß âèõðîâî¨ òî÷êè òèïó 'âèõîð' òà êîëèâàëüíî¨ øâèäêîñòi ïî
îñi Ox -äëß òî÷êè òèïó 'ñiäëî'.
Ó âèïàäêàõ, êîëè äæåðåëî ïðèéìà¹ ïîëîæåííß z/h = 0.2 òà z/h = 0.6
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âèõîðîâi ñòðóêòóðè â ïîëi íå óòâîðþþòüñß, íàòîìiñòü â ïîëi ïðèñòóíié ãîðèçîíò
iíòåíñèíâîñòi â ßêîìó i òèñê i êîëèâàëüíà øâèäêiñòü äîðiâíþþòü íóëþ.
Òàêîæ ïðè çìiíi ïîëîæåííß äæåðåëà ñïîñòåðiãà¹òüñß ðóõ âèõîðîâèõ îáëà-
ñòåé â ïðîòèëåæíîìó íàïðßìêó äî íàïðßìêó ïåðåìiùåííß äæåðåëà - äëß ïåð-
øîãî ãîðèçîíòó óòâîðåííß êðèòè÷íèõ òî÷îê òà â ñïiâíàïðàâëåíîìó íàïðßìêó
äëß êðèòè÷íèõ òî÷îê äðóãîãî ãîðèçîíòó.
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3 Ïîøèðåííß äâîõ÷àñòîòíîãî ñèãíàëó íà äâîõ
ìîäàõ êîëèâàíü
3.1 Âèðàçè îñíîâíèõ õàðàêòåðèñòèê
Ó ôîðìóëàõ (3) òà (2) ïðîâîäèòüñß çàìiíà êîìïîíåíòiâ êîëèâàëüíî¨ øâèäêîñòi
íà ñóìó êîìïîíåíòiâ øâèäêîñòåé, à òèñêó íà ñóìó òèñêiâ âiä äâîõ õâèëü.
Âèçíà÷èìî âèðàçè äëß ïîòîêó ïîòóæíîñòi:
Wx = p∑vx∑ =
(
p1 + p2
)
·
(
vx1 + vx2
)
=
(
p1vx1 + p1vx2 + p2vx1 + p2vx2
)
Äåòàëüíî ðîçïèøåìî êîæåí iç äîáóòêiâ. Äëß äîáóòêó òèñêó òà êîëèâàëüíî¨
ùâèäêîñòi îäíi¹¨ i òi¹¨ æ ìîäè êîëèâàíü, îòðèìà¹ìî:
pnvxn = −ωn
(
In sin(ψn) +Rn cos(ψn)
)(
Inx cos(ψn)−Rnx sin(ψn)
)
=
−ωn
(
InxRn cos
2(ψn)− InRnx sin2(ψn) + (InInx −RnRnx) sin(ψn) cos(ψn)
)
,
äå n = 1, 2.
Äëß äîáóòêó òèñêó ïåðøî¨ øâèëi êîëèâàííß íà êîìïîíåíòó êîëèâàëüíî¨
ùâèäêîñòi ïî îñi Ox äëß äðóãî¨ ÷àñòîòè îòðèìà¹ìî:
p1v2x = −ω1
(
I1 sin(ψ1) +R1 cos(ψ1)
)(
I2x cos(ψ2)−R2x sin(ψ2)
)
=
−ω1
(
R1I2x cosψ1 cosψ2 −R2xI1 sinψ1 sinψ2 + I1I2x sin(ψ1) cos(ψ2)−
−R1R2x sin(ψ2) cos(ψ1)
)
Çìiíèâøè iíäåêñè 1 íà 2 òà 2 íà 1, îòðèìà¹ìî iäåíòè÷íi âèðàçè äëß äîáóòêó
òèñêó äðóãî¨ ÷àñòîòè íà êîìïîíåíòó êîëèâàëüíî¨ øâèäêîñòi ïî îñi Ox íà ïåðøié
÷àñòîòi.
Ãóñòèíà çâóêîâî¨ åíåðãi¨ âèçíà÷àòèìåòüñß íàñòóïíèì ÷èíîì:
Em =
ρ
2
(
(vx1 + vx2)
2 + (vz1 + vz2)
2 +
(p1 + p2)
2
(ρc)2
)
(6)
Îñêiëüêè â ïîïåðåäíüîìó ïiäðîçäiëi áóëè ðîçðàõîâàíi êâàäðàòè òèñêó òà êîìïî-
íåíòiâ êîëèâàëüíî¨ øâèäêîñòi, îñíîâíó óâàãó çâåðíåìî íà äîáóòîê òèñêó/êîëèâà-
ëüíî¨ øâèäêîñòi íà îäíié õâèëi êîëèâàííß íà òàêó æ õàðàêòåðèñòèêó, àëå äëß
äðóãî¨ õâèëi.Êîåôiöi¹íòè âiä âçà¹ìíîãî ïåðåìíîæåííß òèñêiâ ðiçíèõ õâèëü äî-
ðiâíþâàòèìóòü:
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p1p2 =
(
I1 sin(ψ1)+R1 cos(ψ1)
)(
I2 sin(ψ2)+R2 cos(ψ2)
)
= I1I2 sin(ψ1) sin(ψ2)+
I1R2 sin(ψ1) cos(ψ2) +R1I2 cos(ψ1) sin(ψ2)+ R1R2 cos(ψ1) cos(ψ2)
Äåòàëüíî ðîçïèøåìî âñi ìîæëèâi êîìáiíàöi¨:
I1I2 =
(
C1N
(1)
0 (k11x) + C2N
(1)
0 (k12x)
)(
C1N
(1)
0 (k21x) + C2N
(1)
0 (k22x)
)
=
= C21N011N021 + C
2
2N012N022
I1R2 =
(
C1N
(1)
0 (k11x) + C2N
(1)
0 (k12x)
)(
C1J
(1)
0 (k21x) + C2J
(1)
0 (k22x)
)
=
= C21N011J021 + C
2
2N012J022
R1I2 =
(
C1J
(1)
0 (k11x) + C2J
(1)
0 (k12x)
)(
C1N
(1)
0 (k21x) + C2N
(1)
0 (k22x)
)
=
= C21J011N021 + C
2
2J012N022
R1R2 =
(
C1J
(1)
0 (k11x) + C2J
(1)
0 (k12x)
)(
C1J
(1)
0 (k21x) + C2J
(1)
0 (k22x)
)
=
= C21J011J021 + C
2
2J012J022
Êîåôiöi¹íòè âiä âçà¹ìíîãî ïåðåìíîæåííß êîìïîíåíòiâ êîëèâàëüíî¨ øâèäêîñòi
ïî îñi Ox ðiçíèõ õâèëü äîðiâíþâàòèìóòü:
vx1vx2 =
(
I1x cos(ψ1)−R1x sin(ψ1)
)(
I2x cos(ψ2)−R2x sin(ψ2)
)
= I1xI2x cos(ψ1)·
· cos(ψ2) − I1xR2x cos(ψ1) sin(ψ2) − R1xI2x sin(ψ1) cos(ψ2) + R1xR2x sin(ψ1)·
· sin(ψ2)
Çìiøàíi êîåôiöi¹íòè äîðiâíþþòü:
I1xI2x =
(
k11C1N111 + k12C2N112
)(
k21C1N121 + k22C2N122
)
=
= k11k21C
2
1N111N121 + k12k22C
2
2N112N122
I1xR2x =
(
k11C1N111 + k12C2N112
)(
k21C1J121 + k22C2J122
)
=
= k11k21C
2
1N111J121 + k12k22C
2
2N112J122
R1xI2x =
(
k11C1J111 + k12C2J112
)(
k21C1N121 + k22C2N122
)
=
= k11k21C
2
1N111J121 + k12k22C
2
2J112N122
R1xR2x =
(
k11C1J111 + k12C2J112
)(
k21C1J121 + k22C2J122
)
=
= k11k21C
2
1J111J121 + k12k22C
2
2J112J122
Êîåôiöi¹íòè âiä âçà¹ìíîãî ïåðåìíîæåííß êîìïîíåíòiâ êîëèâàëüíî¨ øâèäêîñòi
ïî îñi Oz ðiçíèõ õâèëü äîðiâíþâàòèìóòü:
vz1vz2 =
(
I1z cos(ψ1)−R1z sin(ψ1)
)(
I2z cos(ψ2)−R2z sin(ψ2)
)
= I1zI2z cos(ψ1)·
· cos(ψ2) − I1zR2z cos(ψ1)sin(ψ2) − R1zI2z sin(ψ1) cos(ψ2) + R1zR2z sin(ψ1)·
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· sin(ψ2)
Çìiøàíi êîåôiöi¹íòè äîðiâíþþòü:
I1zI2z =
(
M1N011 +M2N012
)(
M1N021 +M2N022
)
=
=M 21N011N021 +M
2
2N012N022
I1zR2z =
(
M1N011 +M2N012
)(
M1J021 +M2J022
)
=
=M 21N011J021 +M
2
2N012J022
R1zI2z =
(
M1J011 +M2J012
)(
M1N021 +M2N022
)
=M 21J011N021 +M
2
2J012N022
R1zR2z =
(
M1J011 +M2J012
)(
M1J021 +M2J022
)
=
=M 21J011J021 +M
2
2J012J022
3.2 Àíàëiç îòðèìàíèõ ðåçóëüòàòiâ
Äëß àíàëiçó ìàòåìàòè÷íî¨ ìîäåëi õâèëåâîäà êîìáiíîâàíèìè ãðàíèößìè ïðè
âèïðîìiíåííi äâîõ ìîä íà äâîõ ÷àñòîòàõ âàðòî ðîçãëßíóòè íàñòóïíi çàëåæíîñòi:
• çàëåæíiñòü ðîçïîäiëåííß âåêòîðíîãî ïîëß iíòåíñèâíîñòi âiä øèðèíè ÷à-
ñòîòíîãî äiâïàçîíó;
• çàëåæíiñòü âåêòîðíîãî ïîëß iíòåíñèâíîñòi âiä ïîëîæåííß äæåðåëà ïðè ôi-
êñîâàíîìó ÷àñòîòíîìó äiàïàçîíi;
• àíàëiç ñèíãóëßðíèõ òî÷îê â õâèëåâîäi.
Äëß ðîçãëßäó çàëåæíîñòi âåêòîðíîãî ïîëß iíòåíñèâíîñòi âiä øèðèíè äiàïàçî-
íó çàôiêñó¹ìî îäíó ç ÷àñòîò âèïðîìiíþâàííß. Ç ïîðiâíßííß Ðèñ. 1 òà Ðèñ. 8
âèïëèâà¹, ùî ïðè ïîøèðåííi â õâèëåâîäi äâîõ÷àñòîòíîãî ñèãíàëó ïåðiîäè÷íiñòü
ïîßâè ñèíãóëßðíèõ òî÷îê çìiíþ¹òüñß, ç'ßâëßþòüñß òî÷êè â ßêèõ iíòåíñèâíiñòü
ïðèéìà¹ ìiíiìàëüíi çíà÷åííß, ïðîòå íå ñïîñòåðiãà¹òüñß îáåðòàííß âåêòîðiâ ií-
òåíñèâíîñòi íàâêîëî íèõ. Ïðîãðàìè çà äîïîìîãîþ ßêèõ îòðèìàíi ðîçïîäiëåííß
iíòåíñèâíîñòi â õâèëåâîäi íàäàíi â äîäàòêó À.
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Ðèñ. 8: Âåêòîðíå ïîëå iíòåíñèâíîñòi ïðè âèïðîìiíþâàííi äâîõ÷àñòîòíîãî ñèãíà-
ëó íà äâîõ ìîäàõ êîëèâàíü ïðè f2 = 1.05f1 â ìåæàõ x = [0, 400] ì
Ðèñ. 9: Âåêòîðíå ïîëå iíòåíñèâíîñòi ïðè âèïðîìiíþâàííi äâîõ÷àñòîòíîãî ñèãíà-
ëó íà äâîõ ìîäàõ êîëèâàíü ïðè f2 = 1.05f1 â ìåæàõ x = [400, 850] ì
3.3 Âèñíîâêè
Â ðåçóëüòàòi ìîäåëþâàííß âñòàíîâëåíî, ùî:
• ïiä ÷àñ ïîøèðåííß â õâèëåâîäi äâîõ÷àñòîòíîãî ñèãíàëó íà äâîõ ìîäàõ
êîëèâàííß âèíèêàþòü çîíè, â ßêèõ íå óòâîðþþòüñß âèõîðîâi ñòðóêòóðè,
ïðîòå ïðèñóòíi òî÷êè ëîêàëüíèõ ìiíiìóìiâ iíòåíñèâíîñòi. Ïåðiîäè÷íiñòü
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ïîßâè ëîêàëüíèõ ìiíiìóìiâ çáåðiãà¹òüñß. Â äàíèõ çîíàõ ïåðåíåñåíß åíåðãi¨
âiäáóâà¹òüñß âçäîâæ êàíàëó õâèëåâîäó;
• Çi çáiëüøåííß øèðèíè ÷àñòîòíîãî äiàïàçîíó ñïîñòåðiãà¹òüñß çìiíåííß âå-
êòîðíîãî ïîëß iíòåíñèâíîñòi, ïåðåðiçè õâèëåâîäó íà ßêèõ óòâîðþþòüñß
âèõîðîâi ñòðóêòóðè ñòàþòü êðàòíèìèì íàïiâïåðiîäó ïåðåðiçiâ äëß äëß âè-
ïàäêó ïîøèðåííß îäíî÷àñòîòíîãî ñèãíàëó íà äâîõ ìîäàõ êîëèâàííß;
• ïðè öiëîìó âiäíîøåííþ âèïðîìiíåíèõ ÷àñòîò ó ïîëi iíòåíñèâíîñòi óòâî-
ðþþòüñß ñêëàäíi ñòðóêòóðè â ßêèõ iíòåíñèâíiñòü ïðßìó¹ äî íóëß;
• Ïðè çìiíi ïîëîæåííß äæåðåëà, ßê i äëß âèïàäêó ïîøèðåííß îäíî÷àñòîòíî-
ãî ñèãíàëó íà äâîõ ìîäàõ êîëèâàíü íà âåðòèêàëßõ z0/ = 0.2 òà z0/h = 0.6
âèõîðîâi ñòðóêòóðè íå óòâîðþþòüñß.
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4 Ïîøèðåííß äâîõ÷àñòîòíîãî ñèãíàëó íà îäíié
ìîäi êîëèâàíü
Äëß âèïàäêó ïîøèðåííß â õâèëåâîäi ñèãíàëó íà ôiêñîâàíî¨ ÷àñòîòè f íà ïåð-
øèõ äâîõ êîëèâàííß ïîòåíöiàë øâèäêîñòi íàáóäå âèãëßäó:
ϕ1(x, z, t) = −ie−i(ωnt)C1H(1)0 (k1fx) = −S0C1H(1)0 (k1fx) (7)
Snf(x) = H
(1)
0 (knfx) = J
(1)
0 (knfx) + i · N (1)0 (knfx) = J0nf + i · N0nf - ñïðîùåíèé
çàïèñ ôóíêöi¨ Õàíêåëß â çàëåæíîñòi âiä ÷àñòîòè òà ìîäè âèïðîìiíþâàííß;
R(x) = Re{Snf} = J0nf - äiéñíà ÷àñòèíà ôóíêöi¨ Õàíêåëß;
I(x) = Im{Snf} = N0nf - óßâíà ÷àñòèíà ôóíêöi¨ Õàíêåëß;
Òàêèì ÷èíîì, âèðàç äëß ïîòåíöiàëó íàáóäå âèãëßäó:
ϕ(x, z, t) = −C(z, z0)S0(x, t)Snf(x)
Äiéñíà ÷àñòèíà ïîòåíöiàëó äîðiâíþâàòèìå:
Re{ϕ} = −C(z, z0) (R sin(ψ)− I cos(ψ))
Òèñê â õâèëåâîäi âèçíà÷àòèìåòüñß çà íàñòóïíîþ ôîðìóëîþ:
p(x, z, t) = ρ
∂Re{ϕ}
∂t
= −ωρC(z, z0) (R cos(ψ) + I sin(ψ))
Êîëèâàëüíà øâèäêiñòü ïî äîâæèíi õâèëåâîäó âèçíà÷àòèìåòüñß íàñòóïíèì ÷è-
íîì:
vx(x, z, t) = −∂Re{ϕ}
∂x
= C(z, z0)
(
(R sin(ψ))
′ − (I cos(ψ))′
)
R
′
= J
′
0nf = −knfJ1nf = −knfRxf
I
′
= N
′
0nf = −knfN1nf = −knfIxf
vx(x, z, t) = −knfC(z, z0)
(
Rxf sin(ψ)− Ixf cos(ψ)
)
Êîëèâàëüíà øâèäêiñòü ïî øèðèíi õâèëåâîäó âèçíà÷àòèìåòüñß íàñòóïíèì ÷èíîì:
vz(x, z) = −∂Re{ϕ}
∂z
= −Mn(z, z0) (R sin(ψ)− I cos(ψ))
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4.1 Âèðàçè îñíîâíèõ õàðàêòåðèñòèê
Ïîïåðåäíi âèêëàäêè äîçâîëßþòü ñôîðìóâàòè ðiâíßííß îñíîâíèõ õàðàêòåðè-
ñòèê çâóêîâî¨ õâèëi â õâèëåâîäi ïðè ïîøèðåíííi õâèëi íà îäíié ìîäi êîëèâàííß:
p(x, z, t) = −ωρC(z, z0)
(
R cos(ψ) + I sin(ψ)
)
vx(x, z, t) = −knfC(z, z0)
(
Rxf sin(ψ)− Ixf cos(ψ)
)
vz(x, z, t) = −M(z, z0)
(
R sin(ψ)− I cos(ψ)
) (8)
Âðàõîâóþ÷è òå, ùî ñôîðìîâàíèé äæåðåëîì äâîõ÷àñòîòíèé ñèíãíàë âèïðîìi-
íþ¹òüñß ñïiâíàïðàâëåíî âèðàç äëß ãóñòèíè àêóñòè÷íî¨ åíåðãi¨ ç âèðàçó:
Em =
ρv2xm
2
+
ρv2zm
2
+
p2m
2χ
äå:
χ = ρc2 - ïðóæíiñòü ñåðåäîâèùà;
E12 =
ρ
2
(
(vx1 + vx2)
2 + (vz1 + vz2)
2 +
(p1 + p2)
2
(ρc)2
)
(9)
Âèâåäåìî âèðàçè äëß êîìïîíåíò ãóñòèíè çâóêîâî¨ åíåðãi¨.
Êâàäðàò ñóìè êîëèâàëüíèõ øâèäêîñòåé ïî îñi Ox:
v2x1 = (k11C)
2
(
Rx1 sin(ψ1)− Ix1 cos(ψ1)
)2
v2x2 = (k12C)
2
(
Rx2 sin(ψ2)− Ix1 cos(ψ2)
)2
2vx1vx2 = 2k11k12C
2
(
Rx1 sin(ψ1)− Ix1 cos(ψ1)
)(
Rx2 sin(ψ2)− Ix2 cos(ψ2)
)
(vx1 + vx2)
2 = C2
(
k211I + k
2
12II + 2k11k12III
)
I = R2x1 sin
2(ψ1) + I
2
x1 cos
2(ψ1)− 2Rx1Ix1 sin(ψ1) cos(ψ1)
II = R2x2 sin
2(ψ2) + I
2
x2 cos
2(ψ2)− 2Rx2Ix2 sin(ψ2) cos(ψ2)
III = Rx1Rx2 sin(ψ1) sin(ψ2)−Rx1Ix2 sin(ψ1) cos(ψ2)− Ix1Rx2 cos(ψ1) sin(ψ2)+
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+Ix1Ix2 cos(ψ1) cos(ψ2)
Êâàäðàò ñóìè êîëèâàëüíèõ øâèäêîñòåé ïî îñi Oz:
v2z1 =M
2
(
R1 sin(ψ1)− I1 cos(ψ1)
)2
v2z2 =M
2
(
R2 sin(ψ2)− I2 cos(ψ2)
)2
2vz1vz2 = 2M
2
(
R1 sin(ψ1)− I1 cos(ψ1)
)(
R2 sin(ψ2)− I2 cos(ψ2)
)
(vz1 + vz2)
2 =M 2
(
I + II + 2III
)
I = R21 sin
2(ψ1) + I
2
1 cos
2(ψ1)− 2R1I1 sin(ψ1) cos(ψ1)
II = R22 sin
2(ψ2) + I
2
2 cos
2(ψ2)− 2R2I2 sin(ψ2) cos(ψ2)
III = R1R2 sin(ψ1) sin(ψ2)−R1I2 sin(ψ1) cos(ψ2)− I1R2 cos(ψ1) sin(ψ2)+
+I1I2 cos(ψ1) cos(ψ2)
Êâàäðàò ñóìè òèñêiâ äâîõ õâèëü âèðàæàòèìåòüñß òàê:
p21 = ω
2
1
(
C
ρc
)2(
R1 cos(ψ1) + I1 sin(ψ1)
)2
p22 = ω
2
2
(
C
ρc
)2(
R2 cos(ψ2) + I2 sin(ψ2)
)2
2p1p2 = 2ω1ω2
(
C
ρc
)2(
R1 cos(ψ1) + I1 sin(ψ1)
)(
R2 cos(ψ2) + I2 sin(ψ2)
)
(p1 + p2)
2 =
(
C
ρc
)2(
ω21I + ω
2
1II + ω1ω2III
)
I = R21 cos
2(ψ1) + I
2
1 sin
2(ψ1) + 2R1I1 sin(ψ1) cos(ψ1)
II = R22 cos
2(ψ2) + I
2
2 sin
2(ψ2) + 2R2I2 sin(ψ2) cos(ψ2)
III = I1I2 sin(ψ1) sin(ψ2) + I1R2 sin(ψ1) cos(ψ2) +R1I2 cos(ψ1) sin(ψ2)+
+R1R2 cos(ψ1) cos(ψ2)
Îñêiëüêè âèðàç (3) ñêëàäà¹òüñß ç ñóìè êîåôiöi¹íòiâ çàëåæíèõ âiä x, z, t, à ãóñòè-
íà çâóêîâî¨ åíåðãi¨ iíòåãðàëüíà âåëè÷èíà (çà ÷àñîì ñïîñòåðåæåííß òà øèðèíîþ
õâèëåâîäó), âèäiëèìî ¨õ â 3 îêðåìi ãðóïè òà ïðåäñòàâèìî â òàáëèöi (1).
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Òàáë. 1: Òàáëèöß êîåôiöi¹íòiâ
f(x, t) f(x) f(z)
sin2(ψn)
R2xn C
2k2n
R2n M
2
R2n
(
C
ρc
)2
ω2n
cos2(ψn)
I2xn C
2k21n
I2n M
2
I2n
(
C
ρc
)2
ω2n
sin(ψn) cos(ψn)
RxnIxn −2C2k2n
RnIn −2M 2
RnIn 2
(
C
ρc
)2
ω2n
sin(ψ1) sin(ψ2)
Rx1Rx2 2k11k12C
2
1
R1R2 2M
2
1
I1I2 2ω1ω2
(
C1
ρc
)2
sin(ψ1) cos(ψ2)
Rx1Ix2 −2k11k12C21
R1I2 −2M 21
I1R2 2ω1ω2
(
C1
ρc
)2
cos(ψ1) sin(ψ2)
Ix1Rx2 −2k11k12C21
R1I2 −2M 21
R1I2 2ω1ω2
(
C1
ρc
)2
cos(ψ1) cos(ψ2)
Ix1Ix2 2k11k12C
2
1
I1I2 2M
2
1
R1R2 2ω1ω2
(
C1
ρc
)2
Íà îñíîâi âèêëàäåíèõ âèùå ìàòåìàòè÷íèõ âèêëàäîê ïðîâåäåìî ðîçðàõóíîê
âåêòîðíîãî ïîëß iíòåíñèâíîñòi äëß âèïàäêó ïîøèðåííß äâîõ÷àñòîòíîãî ñèãíàëó
íà îäíié ìîäi êîëèâàííß.
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4.2 Àíàëiç îòðèìàíèõ ðåçóëüòàòiâ
Ïðè âèïðîìiíþâàííi ñèãíàëó íå óòâîðþòüñß âèõîðîâi ñòðóêòóðè, ïðîòå, ßê
ïîìiòíî iç Ðèñ. 10 â õâèëåâîäi óòâîðþþòüñß çîíè â ßêèõ iíòåíñèâíîñiòü ññïàäà¹
íà 50-60 äÁ. Ïðîãðàìè çà äîïîìîãîþ ßêèõ îòðèìàíi ðîçïîäiëåííß iíòåíñèâíîñòi
â õâèëåâîäi íàäàíi â äîäàòêó À.
Ðèñ. 10: Âåêòîðíå ïîëå iíòåíñèâíîñòi ïðè âèïðîìiíþâàííi äâîõ÷àñòîòíîãî ñè-
ãíàëó íà îäíié ìîäi
4.3 Âèñíîâêè
Ïiä ÷àñ ïðîâåäåííß ìîäåëþâàííß áóëè îòðèìàíi íàñòóïíi ðåçóëüòàòè:
• Âåêòîðíå ïîëå iíòåíñèâíîñòi íå çàëåæèòü âiä ìiñöß ðîçòàøóâàííß òî÷êî-
âîãî äæåðåëà;
• Âèõîðîâi ñòðóêòóðè â ïîëi iíòåíñèâíîñòi íå óòâîðþþòüñß;
• Â ïîëi iíòåíñèâíîñòi ïðèñóòíi ïîçäîâæíß çîíà íà ðiâíi z/h = 0.3 â ßêié
ïîìi÷åíî ñïàä iíòåíñèâíîñòi íà 50-60 äÁ òà âiäñóòíiñòü âåðòèêàëüíî¨ ñêëà-
äîâî¨ âåêòîðà iíòåíñèâíîñòi.
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5 Ðîçðîáëåííß ñòàðòàï ïðîåêòó
Òàáë. 2: Îïèñ iäå¨ ñòàðòàï-ïðîåêòó
Çìiñò iäå¨
Íàïðßìêè êî-
ðèñòóâàííß
Âèãîäè äëß êîðè-
ñòóâà÷à
Ïðèñòðî¨
äëß âèìi-
ðþâàííß
òèñêó, êî-
ëèâàëüíî¨
øâèäêîñòi
Ãiäðîàêóñòèêà,
ïiäâîäíèé
çâ'ßçîê
Îòðèìàííß íåîá-
õiäíèõ õàðàêòåðè-
ñòèê àêâàòîði¨ ìîðß
äëß çàáåçïå÷åííß
ßêiñíîãî ïiäâîäíîãî
çâ'ßçêó
Òàáë. 3: Âèçíà÷åííß ñèëüíèõ, ñëàáêèõ òà íåé-
òðàëüíèõ õàðàêòåðèñòèê iäå¨ ïðîåêòó

Òåõíiêî-
åêîíîìi÷íi
ïîêàçíèêè
Ïîòåíöiéíi
òîâàðè-
êîíêóðåíòè
W(ñëàáêà
ñòîðîíà )
N(íåéòðà
ëüíà ñòî-
ðîíà)
S(ñèëüíà
ñòîðîíà)
1 Âàðòiñòü
Aquacom
SSB-2010
Âèñîêà
âàðòiñòü
Ïðèâàá
ëèâèé
çîâíiøíié
âèãëßä
Äàëüíiñòü
äi¨
Òàáë. 4: Òåõíîëîãi÷íà çäiéñíåííiñòü iäå¨ ïðîå-
êòó
 Iäåß ïðîåêòó
Òåõíîëîãi¨ é ðåàëiçà-
öi¨
Íàßâíiñòü
òåõíîëîãié
Äîñòóïíiñòü
òåõíîëîãi¨
1 Ðîçðîáëåííß ïðèëàäó
Âèãîòîâëåííß
ï'¹çîêåðàìiêè
Íå íàßâíà ¹
Â çàãàëüíîìó íåîáõiäíî çäiéñíèòè ïîøóê êîìïàíié ïî âèãîòîâëåííþ îñíîâ-
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íèõ êîìïëåêòóþ÷èõ äëß âèãîòîâëåííß âèðîáó.
Òàáë. 5: Ïîïåðåäíß õàðàêòåðèñòèêà ïîòåíöié-
íîãî ðèíêó ñòàðòàï-ïðîåêòó
 Ïîêàçíèêè ñòàíó Õàðàêòåðèñòèêà
1
Êiëüêiñòü ãîëîâíèõ
ãðàâöiâ
áëèçüêî 10
2
Çàãàëüíèé îáñßã ïðî-
äàæ, ãðí/óì.îä
15 000 000
3
Äèíàìiêà ðèíêó (ßêi-
ñíà îöiíêà)
ñïàäà¹
4
Íàßâíiñòü îáìåæåíü
äëß âõîäó (âêàçàòè
õàðàêòåð îáìåæåíü)
iñíóþòü
5
Ñïåöèôi÷íi âèìîãè äî
ñòàíäàðòèçàöi¨ òà ñåð-
òèôiêàöi¨
iñíóþòü
6
Ñåðåäíß íîðìà ðåí-
òàáåëüíîñòi â ãàëóçi
(àáî ïî ðèíêó),
40 âiäñîòêiâ
Ðèíîê íå ¹ ïðèâàáëèâèì äëß ïîïåðåäíüîãî âõîäæåííß.
Òàáë. 6: Õàðàêòåðèñòèêà ïîòåíöiéíèõ êëi¹íòiâ
ñòàðòàï-ïðîåêòó

Ïîòðåáà,
ùî ôîðìó¹
ðèíîê
Öiëüîâà àóäè-
òîðiß
Âiäìiííîñòi
ó ïîâåäiíöi
ðiçíèõ ïîòåí-
öiéíèõ ãðóï
Âèìîãè
ñïîæè-
âà÷iâ äî
òîâàðó
1
ßêiñíèé
ïiäâîäíèé
çâ'ßçîê
Âiéñüêîâà
ãàëóçü
Íàïðàâëåíiñòü
íà ðåçóëüòàò
Êîðåêòíà
ðîáîòà
30
2
Íàßâíiñòü
çâ'ßçêó
Ãðîìàäñüêiñòü
Íàßâíiñòü ìî-
æëèâîñòi
iñíóâàííß
ïðîäóêòó
íà ðèíêó
Òàáë. 7: Ôàêòîðè çàãðîç
 Ôàêòîð Çìiñò çàãðîçè
Ìîæëèâà ðåà-
êöiß êîìïàíi¨
1
Ñèëà êîí-
êóðåíòà
Ðîçðîáêè ìà-
þòü íèçüêó
ïîõèáêó
Iãíîðóâàííß
2
Íåïiäãîòî
âëåíiñòü
Íåîáõiäíà áàçà
Çàïðîâàäæåííß
êóðñiâ ïî-
êðàùåííß
êâàëiôiêàöi¨
Òàáë. 8: Ôàêòîðè ìîæëèâîñòåé
 Çìiñò ìîæëèâîñòi Ìîæëèâà ðåàêöiß
êîìïàíi¨
1 Ïðîâîäæåííß êóðñiâ, ïðàêòèê íà
ïðîôiëüíèõ ïiäïðè¹ìñòâàõ
Ïîõâàëüíà
2 Ó÷àñòü íà õàêàòîíàõ, êîìàíäíèõ
çìàãàííßõ
Ïîõâàëüíà
3 Ïîäà÷à íà ìàéäàí÷èêè çáîðó êîøòiâ Ïîõâàëüíà
4 Ïîßâà ç ïðîòîòèïîì íà ïðîôiëüíèõ
âèñòàâêàõ
Ïîõâàëüíà
Òàáë. 9: Còóïåíåâèé àíàëiç êîíêóðåíöi¨ íà
ðèíêó
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Îñîáëèâîñòi êîíêóðåí-
òíîãî ñåðåäîâèùà
Â ÷îìó ïðîßâëß¹òüñß
äàíà õàðàêòåðèñòèêà
Âïëèâ äißëüíî-
ñòi ïiäïðè¹ì-
ñòâà(ìîæëèâi äi¨
êîìïàíi¨, ùîá
áóòè êîíêóðåí-
òíîñïðîìîæíîþ)
Âêàçàòè òèï êîíêóðåí-
öi¨
Ìîíîïîëiñòè÷íà âèäiëåííß îêðå-
ìîãî êðàëñó
ïðèëàäiâ äëß óíè-
êíåííß ìîíîïîëi¨
Çà ðiâíèì êîíêóðåí-
òíî¨ áîðîòüáè
Ìiæíàðîäíèé ïîñòàâêè òîâàðiâ
íà òåðèòîðiþ
Óêðà¨íè, çìåíøå-
ííß öiíè
Çà ãàëóçåâîþ îçíàêîþ Âíóòðiøíüîãàëóçåâà çîñåðåäæåííß íà
îäíîìó âèäó òîâà-
ðiâ
Êîíêóðåíöiß çà âèäà-
ìè òîâàðiâ
Òîâàðíî-âèäîâà ðîáîòà íàä íåçâè-
÷àéíèì äèçàéíîì
ïðèëàäó
Çà õàðàêòåðîì êîíêó-
ðåíòíèõ ïåðåâàã
Öiíîâà Çìåíøåííß öiíè
äëß âíóòðiøíüîãî
ðèíêó
Çà iíòåíñèâíiñòþ Ìàðî÷íà Ïîòðiáíå äîîïðà-
öþâàííß
Òàáë. 10: Àíàëiç êîíêóðåíöi¨ â ãàëóçi çà
Ì.Ïîðòåðîì
Ïðßìi êîíêó-
ðåíòè â çàëó-
çi
Ïîòåíöiéíi
êîíêóðåíòè
Ïîñòà÷à
ëüíèêè
Êëi¹íòè Òîâàðî çàìií-
íèêè
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Aquacom
SSB-
2010,BCM
Standard
12.5"Carbine
Barrel
Íå âèçíà÷åíî Çíà÷åííß
ðîçìiðó
ïîñòàâîê
Ðîçìið
çàêó-
ïiâåëü,
Êîí-
òðîëü
ßêîñòi
Ëîßëüíiñòü
ñïîæèâà÷iâ
Âèñîêà iíòåí-
ñèâíiñòü
Ïîòåíöiéíi
êîíêóðåí-
òè iñíóþòü,
ìîæëèâiñòü
äëß âõîäó
íà ðèíîê íå
âèñîêà
Ïîñòà÷à
ëüíèêè
äèêóþòü
óìîâè
ãðè íà
ðèíêó
Êëi¹íòàì
âàæëèâà
òî÷íiñòü
òà äîâ-
ãîòðè-
ìàëiñòü
ðîáîòè
ïðèëàäó
Îáìåæåííß
íå ïîìi÷åíi
Ðîáîòà íà ðèíêó ìîæëèâà, õî÷à ïîðiã âõîäæåííß íà ðèíîê çàíàäòî âèñîêèé,
ïîòðiáíî îðãàíiçóâàòè ìîæëèâiñòü âåëèêèõ ïîñòàâîê òîâàðiâ.
Òàáë. 11: Îáãðóíòóâàííß ôàêòîðiâ êîíêóðåí-
òíîñïðîìîæíîñòi
 Ôàêòîðè êîíêóðåíòî-
ñïðîìîæíîñòi
Îáãóíòóâàííß (íàâåäåííß ÷èí-
íèêiâ, ùî ðîáëßòü ôàêòîð äëß
ïîðiâíßííß êîíêóðåíòíèõ ïðîå-
êòiâ çíà÷óùèì)
1 Íàöiëåííß íà âíóòði-
øíié ðèíîê Óêðà¨íè
íàöiëåííß íà âíóòðiøíié ðèíîê
òà íèçüêà âàðòiñòü ïðèñòðî¨â çó-
ìîâëþ¹ âèñîêèé ïîïèò íà ïðè-
ñòðî¨
2 Çáiëüøåííß ðîçìiðó
ïîñòàâîê
Çóìîâèòü ïðèâ'ßçàíiñòü äî ïðè-
ñòðî¨â íàøî¨ êîìïàíi¨
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Òàáë. 12: Ïîðiâíßëüèé àíàëiç ñèëüíèõ òà ñëàá-
êèõ ñòîðií ïðîåêòó
 Ôàêòîð êîíêóðåíòî-
ñïðîìîæíîñòi
Áàëè Ðåéòèíã
òîâàðiâ-
êîíêóðåíòiâ
1 Íàöiëåííß íà âíóòði-
øíié ðèíîê Óêðà¨íè
20 -3
2 Çáiëüøåííß ðîçìiðó
ïîñòàâîê
20 0
Òàáë. 13: Ïîðiâíßëüèé àíàëiç ñèëüíèõ òà ñëàá-
êèõ ñòîðií ïðîåêòó
Ñèëüíi ñòîðîíè: íàöiëåíiñòü íà
ðèíîê Óêðà¨íè
Ñëàáêi ñòîðîíè: íåâiäòî÷åíà ïî-
ñòàâêà ìàòåðiàëiâ, çàíàäòî ìàëî
äîñâiäó
Ìîæëèâîñòi:Ðîçøèðåííß
íàóêîâî-òåõíi÷íî¨ áàçè
Çàãðîçè: âõîäæåííß íà ðèíîê
âåëèêèõ ïàðòié êîíêóðåíòiâ
Òàáë. 14: Àëüòåðíàòèâè ðèíêîâîãî âïðîâàäæå-
ííß ñòïðòàï-ïðîåêòó
 Àëüòåðíàòèâà(îði¹íòî
âàíèé êîìïëåêñ
çàõîäiâ) ðèíêîâî¨
ïîâåäiíêè
Éìîâiðíiñòü îòðè-
ìàííß ðåñóðñiâ
Òåðìiíè ðåàëiçà-
öi¨
1 Ðîçøèðåííß íàóêîâî-
òåõíi÷íî¨ áàçè
0.8 âïðîâîäæ 2 ìiñß-
öiâ
2 Çáiëüøåííß ïîñòàâîê 0.3 12 ìiñßöiâ
3 Ó÷àñòü â õàêàòîíàõ,
âèñòàâêàõ
0.9 6 ìiñßöiâ
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4 Ðåêëàìíà êàìïàíiß
ïðèñòðî¨â
1 ìiñßöü
Òàáë. 15: Âèáið öiëüîâèõ ãðóï ïîòåíöiéíèõ
ñïîæèâà÷iâ
 Îïèñ ïðîôi-
ëþ öiëüîâî¨
ãðóïè ïî-
òåíöiéíèõ
êëi¹íòiâ
Ãîòîâíiñòü
ñïîæèâà÷iâ
ñïðèéíßòè
ïðîäóêò
Îði¹íòîâíèé
ïîïèò â ìå-
æàõ öiëüîâî¨
ãðóïè
Iíòåíñèâíiñòü
êîíêóðåíöi¨ â
ñåãìåíòi
Ïðîñòîòà
âõîäó â
ñåãìåíò
1 íåâiéñüêîâi
ãðîìàäßíè
êðà¨íè
íåâèñîêà 30 çi 100 âèñîêà âèñîêà
2 âiéñüêîâi ñè-
ëè Óêðà¨íè
ñåðåäíß 50 çi 100 âèñîêà íèçüêà
3 iíîçåìöi ñåðåäíß 20 çi 100 âèñîêà âèñîêà
Îñíîâíà öiëüîâà ãðóïà íà äàíîìó åòàïi ðîçâèòêó ïðîåêòó, ãðîìàäßíè Óêðà-
¨íè, îñêiëüêè âèêîðèñòàííß ó íàòóðíèõ óìîâàõ äàíîãî ïðèñòðîþ íå ¹ çàíàä-
òî äîðîãîöiííîþ âèòðàòîþ. Îáðàíèé íàïðßìîê êîíöåíòðîâàíîãî ìàðêåòèíãó íà
ïåðøèõ ðîêàõ æèòòß ïðîåêòó.
Òàáë. 16: Âèçíà÷åííß áàçîâî¨ ñòðàòåãi¨ ðîçâè-
òêó
 Îáðàíà àëü-
òåðíàòèâà
ðîçâèòêó
ïðîåêòó
Ñòðàòåãiß
îõîïëåííß
ðèíêó
Êëþ÷îâi
êîíêóðåíòíî-
ñïðîìîæíi
ïîçèöi¨ âiä-
ïîâiäíî äî
îáðàíî¨ àëü-
òåðíàòèâè
Áàçîâà ñòðà-
òåãiß ðîçâè-
òêó
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1 Çîñåðåäæåííß
íà îäíié öi-
ëüîâié ãðóïi
Ñòðàòåãiß
êîíöåí-
òðîâàíîãî
ìàðêåòèíãó
Ñõîæi òîâàðè
òà ïîñëóãè
Ñòðàòåãiß
ñïåöiàëiçàöi¨
Òàáë. 17: Âèçíà÷åííß áàçîâî¨ ñòðàòåãi¨ êîíêó-
ðåíòíî¨ ïîâåäiíêè
 ×è ¹ ïðîåêò
'ïåðøîïðî-
õîäöåì' íà
ðèíêó?
×è áóäå êîì-
ïàíiß øóêàòè
íîâèõ ñïîæè-
âà÷iâ, àáî çà-
áèðàòè iñíó-
þ÷èõ ó êîí-
êóðåíòiâ?
×è áóäå
êîìïàíiß
êîïiþâàòè
îñíîâíi õàðà-
êòåðèñòèêè
òîâàðó êîí-
êóðåíòà i
ßêi?
Ñòðàòåãiß
êîíêóðåíòíî¨
ïîâåäiíêè
1 íi çàáèðàòè
iñíóþ÷èõ
ñïîæèâà÷iâ
íi, Ñòðàòåãiß âè-
êëèêó ëiäåðà
2 íi çàáèðàòè
iñíóþ÷èõ
ñïîæèâà÷iâ
òàê, âåëèêi
ïîñòàâêè,
ìiæíàðîäíi
ïðîøèâêè,
òî÷íiñòü
âèìiðþâàíü
Ñòðàòåãiß
íàñëiäóâàííß
ëiäåðà
Òàáë. 18: Âèçíà÷åííß ñòðàòåãi¨ ïîçèöiîíóâàí-
íß
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 Âèìîãè äî
òîâàðó öiëüî-
âî¨ àóäèòîði¨
Áàçîâà ñòðà-
òåãiß ðîçâè-
òêó
Êëþ÷îâi
êîíêóðåíòíî-
ñïðîìîæíi
ïîçèöi¨
âëàñíîãî
ñòàðòàï-
ïðîåêòó
Âèáið àñîöià-
öi¨, ßêi ìàþòü
ñôîðìóâàòè
êîìïëåêñíó
ïîçèöiþ
âëàñíîãî
ïðîåêòó (òðè
êëþ÷îâèõ)
1 Òî÷íiñòü ðî-
áîòè ïðèëàäó
Ñòðàòåãiß
ñïåöiàëiçàöi¨
íèçüêà âàð-
òiñòü, îði-
¹íòàöiß íà
óêðà¨íñüêèé
ðèíîê
Íèçüêà
âàðòiñòü,
âïiçíàâà-
íèé âèãëßä,
òî÷íiñòü âè-
êîðèñòàííß
Òàáë. 19: Âèçíà÷åííß êëþ÷îâèõ ïåðåâàã êîí-
öåïöi¨ ïîòåíöiéíîãî òîâàðó
 Ïîòðåáà Âèãîäà, ßêó ïðîïîíó¹
òîâàð
Êëþ÷îâi ïåðåâàãè
ïåðåä êîíêóðåíòàìè
(iñíóþ÷i àáî òàêi, ùî
ïîòðiáíî ñòâîðèòè
1 Çâóêîïiä âî-
äíèé çâ'ßçîê
Òî÷íiñòü çâóêîïiäâî-
äíîãî çâ'ßçêó
îði¹íòàöiß íà óêðà-
¨íñüêèé ðèíîê, âóçü-
êó öiëüîâó àóäèòî-
ðiþ
Òàáë. 20: Îïèñ òðüîõ ðiâíiâ ìîäåëi òîâàðó
Ðiâíi òîâàðó Ñóòíiñòü òà ñêëàäîâi
Òîâàð çà çàäóìîì Çàáåçïå÷åííß ßêiñíîãî ïiäâî-
äíîãî çâ'ßçêó
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Òîâàð ó ðåàëüíîìó âèêîíàííi Ìiæíàðîäíi ñòàíäàðòè ïiäâî-
äíîãî çâ'ßçêó, îðèãiíàëüíå ïà-
êóâàííß, îðèãiíàëüíà âïiçíàâà-
íà ìàðêà
Òîâàð iç ïiäêðiïëåííßì äî ïðîäàæó: îði¹íòàöiß íà íîâè-
çíó òîâàðó òà ïîòðiáíiñòü, ïiñëß
ïðîäàæó: àðãóìåíòàöiß íà êiëü-
êîñòi ïðîäàíèõ ðåçóëüòàòiâ
Ïîòåíöiéíèé òîâàð áóäå çàõèùåíî âiä êîïiþâàííß çà äîïîìîãîþ ïàòåíòiâ,
âïiçíàâàíîñòi ìàðêè, ñòàáiëüíî¨ ðåêëàìè.
Òàáë. 21: Âèçíà÷åííß ìåæ âñòàíîâëåííß öiíè
 Ðiâåíü öií
òà òîâàðiâ-
çàìiííèêiâ
Ðiâåíü öií íà òî-
âàðè àíàëîãè
Ðiâåíü äîõî-
äiâ öiëüîâî¨
ãðóïè ñïîæè-
âà÷iâ
Âåðõíß òà
íèæíi ìåæi
âñòàíîâëåííß
öiíè íà òîâà-
ð/ïîñëóãó
1 1200-1500 $ 500-700$ 300-500 $ 300-500 $
Òàáë. 22: Ôîðìóâàííß ñèñòåìè çáóòó
 Ñïåöèôiêà
çàêóïiâåëüíî¨
ïîâåäiíêè
öiëüîâèõ
êëi¹íòiâ
Ôóíêöi¨ çáóòó ßêi
ìà¹ âèêîíóâàòè
ïîñòà÷àëüíèê
òîâàðó
Ãëèáèíà
êàíàëó çáóòó
Îïòèìàëüíà
ñèñòåìà
çáóòó
1 Çàçâè÷àé
çàêóïà¹òüñß
îäèí-äâà
òîâàðè
Îïòèìàëüíå
ðîçìiùåííß òî-
âàðó, íåçàâèùåíà
âàðòiñòü
Ñåðåäíß Ìåðåæåâi ìà-
ãàçèíè ñïåöi-
àëüíî¨ òåõíi-
êè
Äëß äàíîãî òîâàðó ðåêîìåíäîâàíî îáðàòè çàëó÷åíó ñèñòåìó çáóòó àáè ßêî-
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ìîãà øâèäøå ïîêðèòè òåðèòîðiþ êðà¨íè.
Òàáë. 23: Êîíöåïöiß ìàðêåòèíãîâèõ êîìóíiêà-
öié
 Ñïåöèôiêà
ïîâå-
äiíêè
öiëüîâèõ
êëi¹íòiâ
Êàíàëè êî-
ìóíiêàöi¨
ßêèìè êî-
ðèñòóþòüñß
ïîòåíöiéíi
êëi¹íòè
Êëþ÷îâi ïî-
çèöi¨ îáðàíi
äëß ïîçèöiî-
íóâàííß
Çàâäàííß ðå-
êëàìíîãî ïî-
âiäîìëåííß
Êîíöåïöiß
ðåêëàìíîãî
çâåðíåííß
1 Äîâiðà
çíàéî-
ìèì,
íåäîâiðà
ðåêëàìi
Êîìóíiêàöiß
÷åðåç çíàéî-
ìèõ, iíîäi -
iíòåðíåò
Íåîáõiäíiñòü
òîâàð
Äîíåñòè íå-
îáõiäíiñòü
êóïiâëi äà-
íîãî òîâàðó,
ïîêàçàííß
ßâíîãî ïî-
êðàùåííß
ïiäâîäíîãî
çâ'ßçêó
Äîñâiä -
ïîíàä óñå,
ßêiñòü - íàé-
êðàùå ùî
¹
5.1 Âèñíîâêè
Íà äàíèé ìîìåíò íåìà¹ ðèíêîâî¨ êîìåðöiàëiçàöi¨ ïðîåêòó, îñêiëüêè äàíà ñôåðà
çàéíßòà ñïåöiàëüíèìè âiéñüêîâèìè âiääiëàìè, ðîçðîáíèêàìè ñõîæî¨ àïàðàòóðè.
Ïåðñïåêòèâè âïðîâàäæåííß ç îãëßäó íà ïîòåíöiéíi ãðóïè ìîæëèâà ïðè ïåðåîði-
¹íòàöi¨ òà ðîáîòîþ ç îäíîþ öiëüîâîþ ãðóïîþ - ãðîìàäñüêèì íàñåëåííßì Óêðà-
¨íè. Öå äîçâîëèòü ïðîâîäèòè äèíàìi÷íó êîðåêöiþ ðîáîòè ïðèñòðî¨â, çáiëüøèòè
ïðîäàæi òà ñïðßìóâàòè äîäàòêîâi êîøòè íà ïîêðàùåííß íàóêîâî-òåõíi÷íî¨ áàçè
òà óñêëàäíåííß ìàéáóòíiõ ïðèëàäiâ.
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6 Âèñíîâêè
Â ðåçóëüòàòi äîñëiäæåííß âñòàíîâëåíî, ùî:
• Ïîëå iíòåíñèâíîñòi â õâèëåâîäi ç êîìáiíîâàíèìè ãðàíèößìè ìà¹ íåîäíîði-
äíó ñòðóêòóðó;
• Ïðè çáiëüøåííi ìîäè êîëèâàíü ç îäíi¹¨ äî äâîõ ó ïîëi iíòåíñèâíîñòi óòâî-
ðþþòü âèõîðîâi îáëàñòi â ßêèõ ðiâåíü iíòåíñèâíîñòi çìåíøó¹òüñß íà 50-60
äÁ. Ïîßâà âèõîðîâèõ îáëàñòåé ìà¹ ïåðiîäè÷íèé õàðàêòåð;
• Ïðè âèïðîìiíþâàííi ñèãíàëó íà äâîõ ìîäàõ êîëèâàíü ñïîñòåðiãà¹òüñß óìî-
âà âiäñóòíîñòi âèõîðîâèõ îáëàñòåé âiä ïîëîæåííß äæåðåëà, à ñàìå ïðè
z0/h = 0.2 òà z0/h = 0.6. Ïðîòå ñàìå çà òàêèõ óìîâ â ïîëi iíòåíñèâíî-
ñòi óòâîðþþòüñß çîíè â ßêèõ îäíî÷àñíî çíà÷åííß òèñêó òà êîëèâàëüíî¨
øâèäêîñòi ïðßìóþòü äî íóëß;
• Ïðè âèïðîìiíþâàííi ñèãíàëó íà îäíié ìîäi êîëèâàíü ðîçïîäië iíòåíñèâ-
íîñòi â êàíàëi õâèëåâîäó íå íå çàëåæèòü âiä ïîëîæåííß äæåðåëà;
• Ïðè âèïðîìiíþâàííi äâîõ÷àñòîòíîãî ñèãíàëó íà äâîõ ìîäàõ êîëèâàíü â
ïîßâà âèõîðîâèõ îáëàñòåé âòðà÷à¹ ñâîþ ïåðiîäè÷íiñòü.
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8 Äîäàòîê À
Íèæ÷å íàâåäåíî ëiñòèíã ïðîãðàìíèõ ïðîäóêòiâ äëß ðîçðàõóíêó âåêòîðíîãî
ïîëß iíòåíñèâíîñòi â õâèëåâîäi ç êîìáiíîâàíèìè ãðàíèößìè.
8.1 Ïîøèðåííß îäíî÷àñòîòíîãî ñèãíàëó íà äâîõ ìîäàõ êî-
ëèâàííß
Ðîçðàõóíîê âåêòîðíîãî ïîëß iíòåíñèâíîñòi ïðè ïîøèðåííi îäíî÷àñòîòíîãî ñè-
ãíàëó íà äâîõ ìîäàõ êîëèâàííß:
s lCharacterEncoding ( 'UTF−8 ' )
clear
figure
set (0 , ' DefaultFigureWindowStyle ' , ' docked ' )
h=70;
f 0 =250;
zc =h/4 ;
x=1:900;
m=[1 2 ] ;
% f i g u r e
z=1:h−2;
c=1500;
v0=1;
w = 2∗pi .∗ f 0 ;
f_kr = (2 .∗m+1).∗ c /4/h ;
f 0 . / f_kr
k = @( f ,m) w( f ) . / c .∗ sqrt (1−( f_kr (m) . / f0 ( f ) ) . ^ 2 ) ;
r e s =0;
r e s2 =0;
mins = [ ] ;
set=0;
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show=1;
[ t1 , t4 ]= i n t e g r a l s_ f a s t 1 2 (w( 1 ) ) ;
[ x , z ]=meshgrid (x , z ) ;
f igure
for z0=zc
% f i g u r e
C1 = cos (3∗pi .∗ z /2/h ) .∗ v0/2/h∗cos (3∗pi∗z0 /2/h ) ;
C2 = cos (5∗pi .∗ z /2/h ) .∗ v0/2/h∗cos (5∗pi∗z0 /2/h ) ;
M1 = sin (3∗pi .∗ z /2/h ) .∗3∗ pi∗v0/4/h^2∗cos (3∗pi∗z0 /2/h ) ;
M2 = sin (5∗pi .∗ z /2/h ) .∗3∗ pi∗v0/4/h^2∗cos (5∗pi∗z0 /2/h ) ;
%
R = C1.∗ b e s s e l j (0 , k ( 1 , 1 ) .∗ x )+ . . .
C2 .∗ b e s s e l j (0 , k ( 1 , 2 ) .∗ x ) ;
I = C1.∗ bessely (0 , k ( 1 , 1 ) .∗ x )+ . . .
C2 .∗ bessely (0 , k ( 1 , 2 ) .∗ x ) ;
IR= R.∗ I ;
Ix = k ( 1 , 1 ) .∗C1.∗ bessely (1 , k ( 1 , 1 ) .∗ x )+ . . .
k ( 1 , 2 ) .∗C2.∗ bessely (1 , k ( 1 , 2 ) .∗ x ) ;
Rx = k ( 1 , 1 ) .∗C1.∗ b e s s e l j (1 , k ( 1 , 1 ) .∗ x )+ . . .
k ( 1 , 2 ) .∗C2.∗ b e s s e l j (1 , k ( 1 , 2 ) .∗ x ) ;
RxIx=Ix .∗Rx ;
Rz = M1.∗ b e s s e l j (0 , k ( 1 , 1 ) .∗ x )+ . . .
M2.∗ b e s s e l j (0 , k ( 1 , 2 ) .∗ x ) ;
I z = M1.∗ bessely (0 , k ( 1 , 1 ) .∗ x )+ . . .
M2.∗ bessely (0 , k ( 1 , 2 ) .∗ x ) ;
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RzIz = Rz .∗ I z ;
p=R.∗ t4 (2)+ I .∗ t4 ( 1 ) ;
vx=Ix .∗ t4 (2)−Rx.∗ t4 ( 1 ) ;
vz=Iz .∗ t4 (2)−Rz .∗ t4 ( 1 ) ;
wx = I .∗Rx.∗ t1 (1)−R.∗ Ix .∗ t1 (2)+(− I .∗ Ix+R.∗Rx) .∗ t1 ( 3 ) ;
wz = I .∗Rz .∗ t1 (1)−R.∗ I z .∗ t1 (2)+(− I .∗ I z+R.∗Rz ) .∗ t1 ( 3 ) ;
E = Ix .^2+ Iz .^2+(R./1500000∗w) . ^ 2+ . . .
Rx.^2+Rz.^2+( I ./1500000∗w) . ^ 2 ;
I = sqrt ( (wz).^2+(wx ) . ^ 2 ) ;
T=f loor (pi /(k(1 ,1)−k ( 1 , 2 ) ) ) ;
i f r e s2~=0
set =[ ] ;
for z2=2: s ize ( z ,1)−2
i f (abs (p( z2−1,T))>abs (p( z2 ,T) ) & abs (p( z2+1,T) ) > . . .
abs (p( z2 ,T) ) ) &(abs ( vx ( z2−1,T))>abs ( vx ( z2 ,T) ) & . . .
abs ( vx ( z2+1,T))>abs ( vx ( z2 ,T) ) )
set=[ set ; 1 0 0 ] ;
else
i f abs (p( z2−1,T))>abs (p( z2 ,T) ) & abs (p( z2+1,T) ) > . . .
abs (p( z2 ,T) )
set=[ set ; 0 1 0 ] ;
end
i f abs ( vx ( z2−1,T))>abs ( vx ( z2 ,T) ) & . . .
abs ( vx ( z2+1,T))>abs ( vx ( z2 ,T) )
set=[ set ; 0 0 1 ] ;
end
end
end
s1=sum( set ( : , 1 ) ) ;
s2=sum( set ( : , 2 ) ) ;
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s3=sum( set ( : , 3 ) ) ;
mins=[mins ; s1 s2 s3 ] ;
set =[ ] ;
end
Im=max(max( I ) ) ;
Em=max(max(E ) ) ;
IdB=−10.∗log10 (Im ./ I ) ;
EdB=−10.∗log10 (Em./E) ;
A=wx./ I ;
B=wz . / I ;
% subp l o t (2 ,1 ,1)
i f show==1
colormap jet
% f i g u r e
pcolor (x , z , IdB )
a=gca ;
a . YTick=[10 :10 : h−10 h−2] ;
c o l o r 1=colorbar ;
xlabel (num2str(pi /(k(1 ,1)−k ( 1 , 2 ) ) ) )
t i t l e (num2str( c/h/ f0 ) )
hold on
quiver (x , z ,A,B, 0 . 5 , '−k ' ) ;
shading i n t e rp
drawnow
for x2=2: s ize (x ,1)−2
for z2=2: s ize (x ,2)−2
i f ( I ( x2 , z2)<I ( x2−1, z2 ) & I ( x2 , z2 ) . . .
<I ( x2+1, z2 ) ) & ( I ( x2 , z2)<I ( x2 , z2−1) & . . .
I ( x2 , z2)<I ( x2 , z2+1))
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% sca t t e r ( x2 , z2 )
s c a t t e r ( z2 , x2 , ' MarkerEdgeColor ' , [ 0 . 5 . 5 ] , . . .
' MarkerFaceColor ' , ' r ' , . . .
' LineWidth ' , 1 . 5 )
hold on
end
end
end
% pause (0 .25)
end% figureshow (x , z , h , I , f 0 )
T=f loor (pi /(k(1 ,1)−k ( 1 , 2 ) ) ) ;
m=1;
i f r e s==1
for x2=1:x (1 ,end)
i f mod(x2 ,T)==0
T=m∗T;
de l=ce i l ( [T/2 1 .5∗T ] ) ;
i f de l (2)>x (1 ,end)
de l (2)=x (1 ,end ) ;
end
Im=I ( : , de l ( 1 ) : de l ( 2 ) ) ;
Ima=max(max(Im ) ) ;
IdB=−10.∗log10 ( Ima . / Im ) ;
f igure
f 1=subplot ( 1 , 3 , 2 ) ;
pcolor ( x ( : , de l ( 1 ) : de l ( 2 ) ) , z ( : , de l ( 1 ) : de l ( 2 ) ) , IdB )
hold on
quiver ( x ( : , de l ( 1 ) : de l ( 2 ) ) , z ( : , de l ( 1 ) : de l ( 2 ) ) , . . .
A( : , de l ( 1 ) : de l ( 2 ) ) ,B( : , de l ( 1 ) : de l ( 2 ) ) , 0 . 5 , '−k ' ) ;
t i t l e (num2str( z0 ) )
c o l o r 1=colorbar ;
shading i n t e rp
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f1 .XLim=de l ;
f 2=subplot ( 1 , 3 , 1 ) ;
pm=p ( : ,T)/max(p ( : ,T) ) ;
% f ind (pm==min( abs (pm) ) )
plot (pm, z ( : ,T) )
f 2 .XLim=[−1 1 ] ;
mip = [ ] ;
for z2=2: s ize ( z ,1)−2
i f (abs (p( z2−1,T))>abs (p( z2 ,T) ) & . . .
abs (p( z2+1,T))>abs (p( z2 ,T) ) )
mip=[mip , z2 ] ;
end
end
f 2 . YTick=mip ;
grid on
f3=subplot ( 1 , 3 , 3 ) ;
vxm=vx ( : ,T)/max( vx ( : ,T) ) ;
plot (vxm, z ( : ,T) )
grid on
hold on
vzm=vz ( : ,T)/max( vz ( : ,T) ) ;
plot (vzm , z ( : ,T) )
f 3 .XLim=[−1 1 ] ;
mip = [ ] ;
for z2=2: s ize ( z ,1)−2
i f (abs ( vx ( z2−1,T))>abs ( vx ( z2 ,T) ) & . . .
abs ( vx ( z2+1,T))>abs ( vx ( z2 ,T) ) )
mip=[mip , z2 ] ;
end
end
f 3 . YTick=mip ;
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hold o f f
legend ( ' vx ' , ' vz ' )
grid on
xlabel ( ' c ' )
m=m+1;
f1 .YLim=[1 z (end , 1 ) −4 ] ;
l i n kax e s ( [ f1 , f2 , f 3 ] , ' y ' ) ;
end
end
end
end
i f r e s2~=0
f igure
subplot ( 3 , 1 , 1 )
plot ( zc . / h , mins ( : , 1 ) )
a=gca ;
a .YLim=[0 2 . 5 ] ;
grid on
hold on
subplot ( 3 , 1 , 2 )
plot ( zc . / h , mins ( : , 2 ) )
a=gca ;
a .YLim=[0 2 . 5 ] ;
grid on
subplot ( 3 , 1 , 3 )
plot ( zc . / h , mins ( : , 3 ) )
a=gca ;
a .YLim=[0 2 . 5 ] ;
grid on
% legend ( ' pv ' , ' p ' , ' vx ' )
% gr i d minor
end
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8.2 Ïîøèðåííß äâîõ÷àñòîòíîãî ñèãíàëó íà äâîõ ìîäàõ êî-
ëèâàíü
Ðîçðàõóíîê âåêòîðíîãî ïîëß iíòåíñèâíîñòi ïðè ïîøèðåííi äâîõ÷àñòîòíîãî ñè-
ãíàëó íà äâîõ ìîäàõ êîëèâàííß:
s lCharacterEncoding ( 'UTF−8 ' )
clear
clc
close a l l
df =1.05;% df =1.05;
s s = [ ] ;
r e s =0;
for z0=[14 42 ]
% f i g u r e
roots =[ ] ;
h=70;
% z0 =h/2;
x=1 :1 :800 ;
fx =30;
df = 1 . 0 5 ;
m=[1 2 ] ;
set (0 , ' DefaultFigureWindowStyle ' , ' docked ' )
v0=1;
f 0=[ fx df∗ fx ] ;
z=1:h−2;
c=1500;
w = 2∗pi .∗ f 0 ;
f_kr = (2 .∗m+1).∗ c /4/h ;
k = @( f ,m) w( f ) . / c .∗ sqrt (1−( f_kr (m) . / f0 ( f ) ) . ^ 2 ) ;
d1=pi /(k(1 ,1)−k ( 1 , 2 ) ) ;
d2=pi /(k(2 ,1)−k ( 2 , 2 ) ) ;
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T=(d1+d2 ) /2 ;
[ t1 , t2 , t3 , t4 ]= i n t e g r a l s_ f a s t (w) ;
[ x , z ]=meshgrid (x , z ) ;
C1 = cos (3∗pi .∗ z /2/h ) .∗ v0/2/h∗cos (3∗pi∗z0 /2/h ) ;
C2 = cos (5∗pi .∗ z /2/h ) .∗ v0/2/h∗cos (5∗pi∗z0 /2/h ) ;
M1 = sin (3∗pi .∗ z /2/h ) .∗3∗ pi∗v0/4/h^2∗cos (3∗pi∗z0 /2/h ) ;
M2 = sin (5∗pi .∗ z /2/h ) .∗3∗ pi∗v0/4/h^2∗cos (5∗pi∗z0 /2/h ) ;
%
R =@( f ) C1 .∗ b e s s e l j (0 , k ( f , 1 ) . ∗ x )+ . . .
C2 .∗ b e s s e l j (0 , k ( f , 2 ) . ∗ x ) ;
I =@( f ) C1 .∗ bessely (0 , k ( f , 1 ) . ∗ x )+ . . .
C2 .∗ bessely (0 , k ( f , 2 ) . ∗ x ) ;
Ix =@( f ) k ( 1 , 1 ) .∗C1.∗ bessely (1 , k ( f , 1 ) . ∗ x )+ . . .
k ( 1 , 2 ) .∗C2.∗ bessely (1 , k ( f , 2 ) . ∗ x ) ;
Rx =@( f ) k ( 1 , 1 ) .∗C1.∗ b e s s e l j (1 , k ( f , 1 ) . ∗ x )+ . . .
k ( 1 , 2 ) .∗C2.∗ b e s s e l j (1 , k ( f , 2 ) . ∗ x ) ;
Rz =@( f ) M1.∗ b e s s e l j (0 , k ( f , 1 ) . ∗ x )+ . . .
M2.∗ b e s s e l j (0 , k ( f , 2 ) . ∗ x ) ;
I z =@( f ) M1.∗ bessely (0 , k ( f , 1 ) . ∗ x )+ . . .
M2.∗ bessely (0 , k ( f , 2 ) . ∗ x ) ;
p1v1 = −w( 1 ) . ∗ ( Ix ( 1 ) .∗R(1 ) .∗ t1 (2)− I ( 1 ) .∗Rx( 1 ) .∗ t1 ( 1 )+ . . .
( I ( 1 ) .∗ Ix (1)−R(1 ) .∗Rx( 1 ) ) . ∗ t1 ( 3 ) ) ;
p2v2 = −w( 2 ) . ∗ ( Ix ( 2 ) .∗R(2 ) .∗ t2 (2)− I ( 2 ) .∗Rx( 2 ) .∗ t2 ( 1 )+ . . .
( I ( 2 ) .∗ Ix (2)−R(2 ) .∗Rx( 2 ) ) . ∗ t2 ( 3 ) ) ;
p1v2 = −w( 1 ) . ∗ ( Ix ( 2 ) .∗R(1 ) .∗ t3 (4)− I ( 1 ) .∗Rx( 2 ) .∗ t3 ( 1 )+ . . .
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I ( 1 ) .∗ Ix ( 2 ) .∗ t3 (2)−R(1 ) .∗Rx( 2 ) .∗ t3 ( 3 ) ) ;
p2v1 = −w( 2 ) . ∗ ( Ix ( 1 ) .∗R(2 ) .∗ t3 (4)− I ( 2 ) .∗Rx( 1 ) .∗ t3 ( 1 )+ . . .
I ( 2 ) .∗ Ix ( 1 ) .∗ t3 (2)−R(2 ) .∗Rx( 1 ) .∗ t3 ( 3 ) ) ;
wx = p1v1+p2v2+p1v2+p2v1 ;
p1v1 = −w( 1 ) . ∗ ( I z ( 1 ) .∗R(1 ) .∗ t1 (2)− I ( 1 ) .∗Rz ( 1 ) .∗ t1 ( 1 )+ . . .
( I ( 1 ) .∗ I z (1)−R(1 ) .∗Rz ( 1 ) ) . ∗ t1 ( 3 ) ) ;
p2v2 = −w( 2 ) . ∗ ( I z ( 2 ) .∗R(2 ) .∗ t2 (2)− I ( 2 ) .∗Rz ( 2 ) .∗ t2 ( 1 )+ . . .
( I ( 2 ) .∗ I z (2)−R(2 ) .∗Rz ( 2 ) ) . ∗ t2 ( 3 ) ) ;
p1v2 = −w( 1 ) . ∗ ( I z ( 2 ) .∗R(1 ) .∗ t3 (4)− I ( 1 ) .∗Rz ( 2 ) .∗ t3 ( 1 )+ . . .
I ( 1 ) .∗ I z ( 2 ) .∗ t3 (2)−R(1 ) .∗Rz ( 2 ) .∗ t3 ( 3 ) ) ;
p2v1 = −w( 2 ) . ∗ ( I z ( 1 ) .∗R(2 ) .∗ t3 (4)− I ( 2 ) .∗Rz ( 1 ) .∗ t3 ( 1 )+ . . .
I ( 2 ) .∗ I z ( 1 ) .∗ t3 (2)−R(2 ) .∗Rz ( 1 ) .∗ t3 ( 3 ) ) ;
wz = p1v1+p2v2+p1v2+p2v1 ;
p1= −w( 1 ) . ∗ ( I ( 1 ) .∗ t4 (1)+R(1 ) .∗ t4 ( 3 ) ) ;
p2= −w( 2 ) . ∗ ( I ( 2 ) .∗ t4 (2)+R(2 ) .∗ t4 ( 4 ) ) ;
p=p1+p2 ;
vx1= ( Ix ( 1 ) .∗ t4 (3)−Rx( 1 ) .∗ t4 ( 1 ) ) ;
vx2= ( Ix ( 2 ) .∗ t4 (4)−Rx( 2 ) .∗ t4 ( 2 ) ) ;
vx=vx1+vx2 ;
vz1= ( Iz ( 1 ) .∗ t4 (3)−Rz ( 1 ) .∗ t4 ( 1 ) ) ;
vz2= ( Iz ( 2 ) .∗ t4 (4)−Rz ( 2 ) .∗ t4 ( 2 ) ) ;
vz=vz1+vz2 ;
I = sqrt ( (wz).^2+(wx ) . ^ 2 ) ;
f i gureshow (x , z , h , I , f0 ,T)
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Im=max(max( I ) ) ;
hold on
num=1;
for z2=2: s ize (x ,2)−2
for x2=2: s ize (x ,1)−2
i f ( I ( x2 , z2)<I ( x2−1, z2 ) & . . .
I ( x2 , z2)<I ( x2+1, z2 ) ) & . . .
( I ( x2 , z2)<I ( x2 , z2−1) & . . .
I ( x2 , z2)<I ( x2 , z2+1)) & . . .
35∗ I ( x2 , z2)<Im
% sca t t e r ( x2 , z2 )
roots=[roots ; z2 x2 ] ;
s c a t t e r ( z2 , x2 , ' MarkerEdgeColor ' , [ 0 . 5 . 5 ] , . . .
' MarkerFaceColor ' , ' r ' , . . .
' LineWidth ' , 1 . 5 )
hold on
end
end
end
for i =1: s ize ( roots , 1 )
[ roots ( i , : ) roots ( i , 1 ) /T]
end
drawnow
hold on
% minmin( x , z , I )
% pco lor ( x , z , I )
A=wx./ I ;
B=wz . / I ;
hold on
quiver (x , z ,A,B, 0 . 5 , '−k ' ) ;
drawnow
shading i n t e rp
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i f r e s==1
T=input ( ' g ive  v e r t i c a l ,  b i t ch : ' )
x l=roots (T, 1 )
y l=roots (T, 2 )
for x2=1: s ize (x , 2 )
i f x2/ x l==1
de l=ce i l ( [ xl−5 x l +5 ] ) ;
i f de l (2)>x (1 ,end)
de l (2)=x (1 ,end ) ;
end
Im=I ( : , de l ( 1 ) : de l ( 2 ) ) ;
Ima=max(max(Im ) ) ;
IdB=−10.∗log10 ( Ima . / Im ) ;
f igure
f 1=subplot ( 1 , 3 , 2 ) ;
pcolor ( x ( : , de l ( 1 ) : de l ( 2 ) ) , z ( : , de l ( 1 ) : de l ( 2 ) ) , IdB )
hold on
quiver ( x ( : , de l ( 1 ) : de l ( 2 ) ) , z ( : , de l ( 1 ) : de l ( 2 ) ) , . . .
A( : , de l ( 1 ) : de l ( 2 ) ) ,B( : , de l ( 1 ) : de l ( 2 ) ) , 0 . 5 , '−k ' ) ;
t i t l e (num2str( z0 ) )
c o l o r 1=colorbar ;
shading i n t e rp
f2=subplot ( 1 , 3 , 1 ) ;
x l
pm=p ( : , x l )/max(p ( : , x l ) ) ;
% f ind (pm==min( abs (pm)) )
plot (pm, z ( : , x l ) )
f 2 .XLim=[−1 1 ] ;
mip = [ ] ;
for z2=2: s ize ( z ,1)−2
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i f (abs (p( z2−1, x l ))>abs (p( z2 , x l ) ) & . . .
abs (p( z2+1, x l ))>abs (p( z2 , x l ) ) )
mip=[mip , z2 ] ;
end
end
f 2 . YTick=mip ;
grid on
f3=subplot ( 1 , 3 , 3 ) ;
vxm=vx ( : , x l )/max( vx ( : , x l ) ) ;
plot (vxm, z ( : , x l ) )
grid on
hold on
vzm=vz ( : , x l )/max( vz ( : , x l ) ) ;
plot (vzm , z ( : , x l ) )
f 3 .XLim=[−1 1 ] ;
f 1 .XLim=de l ;
f 1 .YLim=[yl−5 y l +5] ;
mip = [ ] ;
for z2=2: s ize ( z ,1)−2
i f (abs ( vx ( z2−1, x l ))>abs ( vx ( z2 , x l ) ) & . . .
abs ( vx ( z2+1, x l ))>abs ( vx ( z2 , x l ) ) )
mip=[mip , z2 ] ;
end
end
f 3 . YTick=mip ;
hold o f f
legend ( ' vx ' , ' vz ' )
grid on
m=m+1;
f1 .YLim=[1 z (end , 1 ) −4 ] ;
l i n kax e s ( [ f1 , f2 , f 3 ] , ' y ' ) ;
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end
end
end
% pause (1)
% f i g u r e
% pco lo r ( x , z , p )
% shading in t e r p
% f i g u r e
% pco lo r ( x , z , vx )
% shading in t e r p
% f i g u r e
% pco lo r ( x , z , vz )
% shading in t e r p
c l e a r v a r s −except r e s
% c l e a r
end
8.3 Ïîøèðåííß îäíî÷àñòîòíîãî ñèãíàëó íà îäíié êîëè-
âàíü
Ðîçðàõóíîê âåêòîðíîãî ïîëß iíòåíñèâíîñòi ïðè ïîøèðåííi îäíî÷àñòîòíîãî ñè-
ãíàëó íà äâîõ ìîäàõ êîëèâàííß:
s lCharacterEncoding ( 'UTF−8 ' )
m=1;
v0= 1 ;
h=70;
zc=h/2 ;
x=1:1000;
f =30;
df=3;
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f0= [ f f ∗df ] ;
for z0=zc
i n t e n s i t y_ f i e l d p (m, v0 , h , z0 , x , f 0 )
end
function IdB=in t e n s i t y_ f i e l d p (m, v0 , h , z0 , x , f 0 )
% f i g u r e
z=1:h ;
c=1500;
f_kr = (2∗m+1)∗c /4/h ;
w = 2∗pi .∗ f 0 ;
k = w./ c .∗ sqrt (1−( f_kr . / f 0 ) . ^ 2 ) ;
[ s in1 , cos1 , s in1cos1 , s in2 , cos2 , s in2cos2 , . . .
s i n1 s in2 , s in1cos2 , . . .
cos1cos2 ]= i n t e g r a l s_ f a s t_ i n t en s i t y (w) ;
[ x , z ]=meshgrid (x , z ) ;
R1 = b e s s e l j (0 , k ( 1 ) .∗ x ) ; R2 = b e s s e l j (0 , k ( 2 ) .∗ x ) ;
I1 = bessely (0 , k ( 1 ) .∗ x ) ; I2 = bessely (0 , k ( 2 ) .∗ x ) ;
Rx1 = b e s s e l j (1 , k ( 1 ) .∗ x ) ;
Rx2 = b e s s e l j (1 , k ( 2 ) .∗ x ) ;
Ix1 =bessely (1 , k ( 1 ) .∗ x ) ;
Ix2 =bessely (1 , k ( 2 ) .∗ x ) ;
C = cos ( (2∗m+1)∗pi .∗ z /2/h ) .∗ v0/2/h∗cos ( (2∗m+1)∗ . . .
pi∗z0 /2/h ) ;
M = sin ( (2∗m+1)∗pi .∗ z /2/h ) .∗3∗ pi∗v0/4/h ^ 2 ∗ . . .
cos ( (2∗m+1)∗pi∗z0 /2/h ) ;
% x1 = [Rx(1) Ix (1) s q r t (2∗Rx(1)∗ Ix ( 1 ) ) ] . ^ 2 ;
% x2 = [Rx(2) Ix (2) s q r t (2∗Rx(2)∗ Ix ( 2 ) ) ] . ^ 2 ;
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% x3 = [Rx(1)∗Rx(2) Rx(1)∗ Ix (2) Ix (1)∗Rx(2) Ix (1)∗ Ix ( 2 ) ] ;
f 1 = (Rx1 .^2 .∗ s i n1+Ix1 .^2 .∗ cos1+2.∗Rx1 .∗ Ix1 . ∗ . . .
s i n1 co s1 )∗ ( k ( 1 ) )^2 ;
f 2 = (Rx2 .^2 .∗ s i n2+Ix2 .^2 .∗ cos2+2.∗Rx2 .∗ Ix2 . ∗ . . .
s i n2 co s2 )∗ ( k ( 2 ) )^2 ;
f 3 = (Rx1 .∗Rx2 .∗ s i n 1 s i n 2+Rx1 .∗ Ix2 .∗ s i n 1 s i n 2 + . . .
Ix1 .∗Rx2 .∗ s i n1co s2+Ix1 .∗ Ix2 .∗ cos1cos2 ) ∗ . . .
2∗k (1)∗k ( 2 ) ;
% f1 = sum( x1 .∗ t1 )∗( k (1))^2 ;
% f2 = sum( x2 .∗ t2 )∗( k (2))^2 ;
% f3 = sum( x3 .∗ t3 )∗2∗ k (1)∗ k ( 2 ) ;
wx = C.^2 .∗ ( f 1+f2+f3 ) ;
% x1 = [ (R(1))^2 ( I (1))^2 −2∗R(1)∗ I ( 1 ) ] ;
% x2 = [ (R(2))^2 ( I (2))^2 −2∗R(2)∗ I ( 2 ) ] ;
% x3 = [R(1)∗R(2) −R(1)∗ I (2) −I (1)∗R(2) I (1)∗ I ( 2 ) ] ;
f 1 = (R1.^2 .∗ s i n1+I1 .^2 .∗ cos1−2.∗R1.∗ I1 .∗ s i n1co s1 ) ;
f 2 = (R2.^2 .∗ cos2+I2 .^2 .∗ cos2−2.∗R2.∗ I2 .∗ s i n2co s2 ) ;
f 3 = 2 .∗ (R1.∗R2.∗ s i n1 s in2−R1.∗ I2 .∗ s in1cos2 − . . .
I1 .∗R2.∗ s i n1co s2+I1 .∗ I2 .∗ cos1cos2 ) ;
% f1 = sum( x1 .∗ t1 ) ;
% f2 = sum( x2 .∗ t2 ) ;
% f3 = sum( x3 .∗ t3 )∗2 ;
wz = M.^2 .∗ ( f 1+f2+f3 ) ;
I = sqrt ( (wz).^2+(wx ) . ^ 2 ) ;
Im=max(max( I ) )
IdB=−10.∗log10 (Im ./ I ) ;
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colormap jet
% subp l o t (2 ,1 ,1)
% f i g u r e
pcolor (x , z , IdB )
t i t l e (num2str( z0 ) )
c o l o r 1=colorbar ;
A=wx./ I ;
B=wz . / I ;
hold on
quiver (x , z ,A,B, 0 . 5 , '−k ' ) ;
shading i n t e rp
drawnow
% out2 = vpa ( i n t (w, z , 0 , h ) ) ;
% subp l o t (2 ,1 ,2)
y= [ ] ;
for x2=1: s ize ( IdB , 2 )
y=[y sum( I ( : , x2 ) ) ] ;
end
Im=max(max( y ) )
IdB=−10.∗log10 (Im ./ y ) ;
% p l o t ( x ( 1 , : ) , IdB)
end
